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PREFACE 


This second volume of the Proceedings brings together the contri- 
butions to the European Meeting on Cybernetics and Systems Research 
1972 in the five symposia discussing applications of cybernetic 
systems concepts to social processes and phenomena, viz. 


Symposium B — Cybernetics of Organization and Management. À group 
of thirteen papers encompassing the full range, from 
philosophical analysis of abstractions to exploita- 
tion of systems thinking to optimise suburban 
traffic, develop a top-down information system for a 
hospital, a bottom-up organization of control data 
for management and kindred problem-oriented applica- 
tions. 

Symposium D — Systems Analysis in Science. The ten contributors to 
this symposium examine varied relevant aspects of the 
philosophy of science and present experiences with 
planning models and forecasting strategies, reviewing 
in the process also the societal/economic bases of 
science planning and giving thought to the conflict 
between planning rationale and individual freedom in 
both theory and practice. 


The remaining three symposia in this section: 


Symposium E — Cybernetics in Town and Country Planning. (Urban 


Systems, Housing, Growth and Development, etc.). 


Symposium F — Systems Analysis of Socio-Cultural Dynamics. (Global 
Planning, Ecology, Society and their sub-sets.) 


Symposium G — General Systems in Educational Processes, (Relevance 
of Cybernetics and General Systems to Education, 
including the professions and the arts.) 


represent areas where the most work has so far been done, and 
continues to be done, in the USA, so that transatlantic contribu- 
tions — arranged by the Society for General Systems Research — 
dominate the scene, offering a valuable addition to the scope of a 
meeting whose title suggests European boundaries and limitations. 
The number of papers presented in these three symposia is smaller 
— varying from 5 to 8 — yet they provide a substantive as well as 
a substantial picture of the state of the art in their respective 
froids. 


Xi 


The introductory notes prefacing each individual symposium in 
this volume make detailed comment unnecessary at this point. It, 
therefore, only remains for the editors to thank the scientists. 
who presented such a wealth of challenging and rewarding thought 
to the Symposia B, D, E, F and G for their valuable contributions, 
and those charged with the production and publication of this 
record, for their efficient and courteous co-operation. 


F. de P. HANIKA and N. ROZSENICH 
Editors 


(The text of the addresses by the Joint Chaiïirmen of the Meeting and 
of the Introductory Lecture by Professor Dr Adolf Adam is available 
on application to the Secretariat of the Austrian Society for 
Cybernetic Studies, Schottengasse 3, Wien I, Austria) 
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OPENING ADDRESS 


Generalized architecture 


PROFESSOR H. ZEMANEK 

Technische Hoschschule Wien 

Director, IBM Laboratory Vienna 

President, Intern. Federation for Information Processing 


It is a gréat pleasure and honour for me 
to give this opening address at your 
Vienna Meeting, both as a scientist in 
related fields and as President of the 
International Federation for Information 
Processing (IFIP) from which I bring you 
cordial greetings and the best wishes for 
a successful symposia. The interrelation- 
ships between your subjects and the compu- 
ter require no elaboration: they are evi- 
dent. And IFIP is extremely interested in 
good contact and friendly relationships to 
similar bodies in overlapping and neigh- 
bouring fields. 

It is my personal view that cybernetics 
should be protected from too much systemi- 
zation and institutionalization. The live 
character and the imperfect definitions of 
cybernetics should not be considered as a 
deficiency: they are its strength, they 
make cybernetics unique, and they keep it 
a bridge between all sciences. Cybernetics 
should remain a tool for interdisciplinary 
meetings and communication, a forum for 
ideas coming up in one field and migrating 
to many others. 

The title of your meeting interconnects 
cybernetics to a very general field of 
investigation, namely to systems research. 
This meta-science is strongly connected to 
a famous name, to Professor Ludwig von 
Bertalanffy — born here in Vienna 70 years 
and a few months ago. Vienna can be very 
proud of this scientist who more than 30 
years ago conceived the idea of a general 
system, much wider than any engineering 


application would understand it and there- 
by going far beyond the philosophy of the 
Wiener Kreis — in the spirit of which he 
had been educated. The introduction to his 
book "General Systems Theory' [1] gives a 
detailed history of systems theory and its 
concepts. I would not have any chance of 
saying here more than he covers in this 
introduction and his book. Rather, it is 
my intention to talk to you about an 
aspect of system theory which is strongly 
related to my own fields, and this is the 
architectural view of systems. I am an 
engineer by education and by philosophy, 
but I am at the same time fully aware of 
the difficult relationships between a 
construct and its natural environment, a 
particularly important problem in the case 
of non-numerical computer application. And 
this is why I prefer the view of Professor 
von Bertanlanffy to the positivistic 
approach. But I will be wise enough to 
remain in this talk on my relatively safe 
ground of engineering. 

Anyway, I hope to raise a point general 
enough to interest also the non-engineers 
in the audience, I will talk about archi- 
tecture, a word which is used frequently 
nowadays by computer engineers,. Architect- 
ure has even become a term of fashion, 
applied where it is not really meant. But 
there is a true computer system architect- 
ure and the idea is in a process of 
generalization so that not only hardware 
but also programming languages, program- 
ming systems and application systems soon 
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will have to show an architectural look. 
I will try to point out what is going on 
and how this architectural principle of 
design can be generalized to a very broad 
sense which meets systems' philosophy. 


The vocabulary 


Let me first comment on my vocabulary. I 
will understand by a system an ensemble of 
real or abstract objects interconnected by 
material, energy or information links so 
that it makes sense to speak about the 
behaviour of this ensemble. Objects and 
systems may be natural or constructed, and 
this will be an important distinction. 

But in science and technology we are 
more frequently dealing with the descript- 
ion of objects and systems rather than 
with the objects or systems themselves. 
The means of description or the language 
used, therefore, are of paramount import- 
ance. And within the computer which is an 
automatic symbol manipulator where 
described systems become alive, where 
moreover a description in a suited form 
may allow simulation of a real system and 
investigation of its behaviour, the used 
language and its properties may play a 
decisive role. The theory of languages, 
called semiotics [2] is of great help, and 
its three subfields, syntactics, semantics 
and pragmatics deserve careful study. Syn- 
tax is the set of rules governing the 
composition of the language objects, the 
letters and words — but without reference 
to meaning. Semantics is the set of 
relationships between the objects of the 
language and the objects of the described 
universe, the relationship between the 
symbol and what the symbol designates — 
but without reference to the use and the 
user of the language. All other features 
are covered by pragmatics. 

Architecture is defined in the Encyclo- 
pedia Britannica as "the art and technique 
of butlding, employed to fulfil the practi- 
cal and expressive requirements of civili- 
zed people". When Professor Fred P. Brooks, 
Jr. introduced the term architecture to 
computer design ten years ago [3], he 
defined architecture very similarly as 
the art of determining the needs of the 
user of a structure and then designing to 
meet those needs as effectively as pos- 
stble within economie and technological 
constraints"”. Architecture obviously 
introduces the notion of style into tech- 
nical design so that families of objects 
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and systems are produced rather than single 
entities. Fred Brooks, Gene Amdahl and 
Gerrit Blaauw indeed applied the principle 
of architectural design for the family of 
360 computers [4], and Gerrit Blaauw, now 
working at the Twente University in | 
Enschede, on the theoretical foundations L 
of computer architecture [5, 6]. 

But before I go to the systems them- 
selves, I want to say more about the prob- 
lems of description. 


act me D ant 


Description of systems 

There are three basic distinctions in 
description. First there is the distinction 
between natural and constructed objects and 
systems to be described. Secondly, there 

is a basic difference between description 
before the creation and after the creation 
of the objects and the system: 


Objects and before after c 
system creation creation 
natural e biology, etc. 
constructed techn. design history 
investigation, 
military 
intelligence 


The third distinction, between natural and 
constructed language used for the descrip- 
tion, becomes particularly important with 
the advent of information processing where 
constructed languages alone yield the 
perfection and precision for which the 
computer is famous, but constructed 
languages are much better in syntactics 
than in semantics, and if semantics are 
kept as precise and perfect as the compu- 
ter allows, then they are related to an 
abstract machine or to a model of the 
language the embedding of which in the 
natural environment where the computer 
works by necessity causes a set of prob- 
lems. 

Examples for constructed description 
languages are 

Algebra and Formal Logics 

Technical Drawing 

Programming Languages 

Formal Description Languages (Meta- 

languages) 

Technical drawing is very near to geometry 
and you have to bear in mind that precise. 
geometry is handled algebraically; 
extreme theoreticians find it ever disturb- 


ing that their equations can also be 
related to geometric shapes which they 
find much too much of an analogue charac- 
ter for fitting their digital ideas. 


Generation of systems 

How do systems come into existence? It is 
a striking and in a way disturbing fact 

_ that the class of natural systems called 
organisms is generated fully automatically, 
i.e. without human intermediate interfer- 
ence, while constructed systems can be 
produced automatically only in a very 
advanced state of technology. And natural 
automatism is basically different from 
technical automation. 

The element of the natural organism not 
only carries the full information for the 
system in its genetic code, it even has in 
principle all the properties of the system; 
cells only spectalize to form organs and 
effectors. The architecture of the natural 
system, therefore, is a genuine architec- 
ture, preconceived when the first cell of 
the new organism is created. 

Technical construction, at least in the 
early stage of the game, proceeds very 
differently. It is building and not grow- 
ing. All kinds of necessary elements are 
assembled, either systematically or 
unsystematically, more often unsystematica- 
11y, by a trial and error process because 
only in exceptional cases do we dispose of 
a theory to control the assembling. 
Normally we try variation after variation 
until the system works to satisfaction, 
and this is usually the satisfaction of 
the constructing engineer and not neces- 
sarily the satisfaction of the user. 

The erection of buildings offers excel- 
lent examples and I want to show you by 
the example of the Hofburg of Vienna the 
contrast between building and architecture. 
The Hofburg as a whole is an wunsystematte 
assembly out of more than five centuries; 
such an ensemble may be picturesque but 
it is neither ideally matched to any user's 
need nor does it satisfy a sense of style 
and order. Indeed Empress Maria Theresa 
has had removed the medieval towers. Today 
We regret this removal but it certainly 
improved the architectural impression. The 
most systematie ensemble is the National 
Library at the Josefsplatz, where one 


ingenious architect, namely Fischer von 

Erlach, conceïived the library room, the 

library building and three sides of the 

square at once, achieving style and use- 
fulness in one. 

Another example of contrast between 
building and architectural design is 
offered by the electrical wave filters. 

30 years ago when I was a young communica- 
tions engineer, such wave filters were 
still generated by a trial and error 
design procedure based on the combination 
of capacitors and coils; but at that time 
an architectural theory was already avail- 
able and today any nontrivial filter is 
designed architecturally, i.e. computed by 
a program starting from a mathematical 
formulation of the users' requirements, 
meeting them to any wanted degree by a 
Tchebyshev approximation and yielding a 
complex function which defines structure 
and values of the optimum filter. In 
principle, implementation and production 
could be done fully automatically, once 
the specifications of the users are written 
down. 

It is clear that such an ideal method is 
an exception in technology and the computer 
does not belong to exceptions: there is no 
equation to describe a computing configura- 
tion, not even the central processing unit. 
Only super-optimists can hope that all 
engineering problems will end up in a 
mathematical equation for the product. 
Just think of a car and you will realize 
how far away we are from architectural 
design in the general case. À good shape 
in most cases is achieved only by a nice 
cover. 

Information processing, however, will be 
faster in reaching architectural design, 
for two reasons. First, the digitalization 
of computing and formal text processing 
allows and requires large systems buïlt up 
from a few basic building blocks of logical 
nature. Secondly, on the concrete ground 
of hardware, there come several layers of 
software systems which go out of control, 
unless architectural systematics will keep 
the amount of production work and, there- 
fore, the costs within reasonable limits. 
This is why the ideal principle of archi- 
tecture will be pushed in this field, 
putling all the application fields more or 
less behind. 

If there is no equation to describe 
computing systems, hardware or software — 
what are the descriptional means to 
formalize the problems and to make them 


computer processable? 


Formal definition of systems 

Fortunately, the development of the art of 
programming has provided the means which 
will bring one day a well established 
methodology of formal definition of sys- 
tems. 

Let me insert here that a precise formal 
definition is not identical with a complete 
definition down to the last detail. One 
must realize that precise definition of 
precise objects or systems and informal, 
loose talk about loose notions or only 
partially known objects and systems, are 
not the only two possibilities. It is also 
possible to talk loosely about precise 
objects, as mathematicians sometimes unfor- 
tunately do. On the other hand, it is pos- 
sible to define precisely what can be said 
even if objects or systems are not fully 
specified or if certain aspects or domains 
are left unspecified purposefully. All 
that is a matter of language and defini- 
tion method. 

The history of computer programming shows 
so far three periods. It begins with the 
universal language called machine code 
where each term is defined by the reaction 
of the switching circuits of a particular 
machinery, of the real, of the concrete 
computer. The second period came with the 
algorithmic programming languages. For a 
while it had been assumed that the terms 
of these languages are defined by the 
usual understanding of mathematical terms 
and standard switching circuits. But the 
circuits are by no means standardized and 
the research into the foundations of 
mathematics had already at that time 
clearly shown that usual understanding was 
insufficient. The computer, moreover, 
requires all clarity that can be reached, 
otherwise its powerful mechanical operation 
produces giant confusion. Programming 
languages, therefore, must be carefully 
defined — not only their syntax, but also 
their semantics. 

The theory of computability is based on 
notions like the Turing Machine and it will 
not be easy to base programming languages 
on very different notions. The common idea 
of all theories of computability is an 
abstract machine, a Gedanken machine, with 
precisely defined states and substates, 
and with an equally precisely defined 
transition function which tell for each 
state and an element of the input text 
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what the next state will be. The semantics 
of a piece of text can then be understood 
by looking on the sequence of states which 
the abstract machine runs through when the 
text is fed into it. 

That this principle ts applicable and 
that even a large and rather pragmatically 
conceived programming language can be 
described by this method has been proven 
by the formal definition of PL/1 [7]. 

The third period of programming is the 
present development where user-ortented 
programming systems constitute the leading 
edge in production and application of com- 
puters. Whatever the many meanings and 
applications of the word '’system' are 
around and in the computer — now, a real 
system thinking is spreading. The computer 
is neither a “Kollege Roboter" hired 
instead of Mr. Brown nor is the computer 
simply another machine in the inventory of 
an enterprise. The computer is the auto- 
matic information processing part of a 
functional system the borderlines of which 
are not given by the keyboard and the 
printer. The enterprise, the office, the 
institute must be understood as a system 
where the computer is embedded. And the 
computer operates well if, and only if, 
the whole system operates well. This 
insight is an integral part of the so- 
called computer recession of the last few 
years: in the Seventies computers are not 
any more ordered for prestige, some 
general-systems-thinking has become 
fashionable. 

Adequate description and definition of 
the system, therefore, is not only a holy 
grail for which certain abstract and 
formal branches of science are searching 
— it will be the foundation of the economic 
soundness of information processing. And 
it will facilitate architectural design. 
Because only advanced descriptional means 
allow specification of the needs of the 
user and derivation of the systems proper- 
ties from those needs — if possible auto- 
matically — so that systems parameters and 
the configuration can be produced or at 
least specified by a computer program. 


Good systems architecture 


What makes systems architecture a good 
architecture? I will quote here the last 
paper by Gerrit A. Blaauw [6] "Good archi- 
tecture 1s consistent. That is, with a 
partial knowledge of the system the 
rematnder of the system can be predicted." 
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This is calling for a certain redundancy 
rather than for information only — and 
this is remarkable in our period of time 
where most people want a maximum of infor- 
mation and get too much information 
offered. Information, we know, is surprise. 
But good architecture avoids surprising, 
arbitrary design decisions. In a way, the 
architecture of natural systems can be 
predicted from partial knowledge — tech- 
nology obviously is aiming at more natural 
systems, and this is in no way astonishing; 
the computer generally turns technology 
* more natural and more human. 

Good architecture, we said, is consistent 
architecture. And consistency means three 
other properties. (I quote again the paper 
by Blaauw): orthogonality, propriety and 
generaltity. 

Orthogonality is the principle to keep 
functions which are independent from each 
other separate in their specification and, 
consequently, separate in the realization. 
Proprtety/is the principle to accept only 
functions which are proper to the essential 
requirements of the system, to avoid extra- 
neousness. And generality here means the 
principle to use a function, if it has to 
be introduced, for as many purposes as 
possible, to introduce a concept, if it 
has to be introduced, in its most general 
form. 

The consequences of consistent architec- 
ture are symmetry, transparency and com- 
patibility. Consistency yields an inclina- 
tion to openendedness and to completeness 
at the same time: namely a complete set of 
possibilities without elaborating the 
infinity of combinations. Good architec- 
ture, in other words, creates a world in 
which other people in turn can be creative. 
Good architecture is stimulating and self- 
teaching, because it confirms and encour- 
ages our expectation. 

A11 this may sound rather idealistic, or 
even unrealistic. But indeed architectural 
design with all its ideal properties will 
not bring an ideal world, it hopefully 
will reduce only the complication of 
present-day computer hardware, operating 
systems, programming languages and user 
programming systems to an amount which 
will not exceed our mental and financial 
power. 

The transparency and compatibility of a 
good architecture will give as much free- 
dom as possible to the realization and 

production processes, and at the same time 
many kinds of products will interface 


without problems. This is a very important 
property, because the computer systems will 
be more and more interconnected, finally 
ending in one world-wide computer network 
with world-wide sub-networks, very similar 
to the electrical power network or to the 
telephone network. How far are we, by the 
way, there with good architecture? Let 
this be a mere rhetorical question; even 
these relatively simple and relatively old 
networks do not yet meet all our expecta- 
tions. The computer will have to go much 
further and the computer can go much 
further because of the incredible flexi- 
bility of information and because informa- 
tion is everywhere. 


Generalization of architecture 


It can not be said frequently enough: the 
computer is not merely a calculator, the 
computer is the general device for the 
processing of any kind of information. Com- 
puter systems, consequently, are the 
nervous networks which interconnect the 
sensory organs and the effectors of any 
technical or scientific ensemble to a live 
system. We do not think of all the many 
forms of information which we encounter in 
our daily life or which occur in industry 
and economy. Who realizes, for instance, 
that the key is not only the effector for 
the lock, but also the information device 
which selects the appropriate operator? 
The key looks like a simple and inflexible 
identifier — but key systems can be 
extremely intelligent and once little com- 
puters will be looped into such a system, 
it will become flexible and live. 

I could continue with such examples — 
think of the clock, of the score of a 
musical composition, the manual of a tech- 
nical device, the administrative offices 
of a government — wherever we look there 
is information which organizes, controls 
and integrates all kinds of elements, 
material and energy to general systems. 

All these systems will be more amd more 
either computer controlled or they will 
have computer-like information processing 
systems built in. Architectural design, 
therefore, is not only a subject for the 
computer scientist. More and more fields 
of technology will realize that what we 
need is not a mass of isolated — however 
perfect — solutions, but architecturally 
well designed systems. 

Again, a few examples can show you with 
a few words what I mean. The first is 


transportation. Further increase of the 
speed of the vehicle will not bring 
important improvements of the traffic, 
land, sea or air, because of the delays 
produced by other properties of the trans- 
portation system. Only good architectural 
design may bring an advance. 

The second example is shopping. With all 
technical progress, shopping is only 
slightly different from ancient times. The 
shopping centers are only a partial solu- 
tion. What are the user requirements? How 
can they be best approximated? I recently 
had a talk with information processing 
experts on computer controlled shopping 
centers and computer controlled restaur- 
ants. It could be improved today, was 
their opinion, but a lot of education 
would be required. Do people really like 
to be educated in order to enjoy technolo- 
gical progress? Is the educational capacity 
not already more than exhausted? Only sys- 
tems architecture might help to find a 
solution for a time without servants and 
without the classic delivery services. 

Technology has improved a lot of single 
features in the cities, towns and countries 
of today. But our environment becomes more 
ugly, more disorganized, more dangerous and 
more unacceptable from day to day. Further 
perfect items do not help. What we need is 
architectural philosophy, a view of the 
entity — and all applications of technology 
all new constructions should be a function 
of an architectural plan. 

There is so much talk on pollution — but 
complaining about isolated cases does not 
help. And material pollution is only part 
of the problem; there is information 
pollution and systems pollution, and the 
problem is not only a technological one. 

Al1 these ideas go in fact beyond 
technology proper. We have reached the 
point where the generalization of archi- 
tectural design ends at a general systems 
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theory, including, conforming to Professor 
Bertalanffy, the physical but also the î 
non-physical universes — the subject of $ 
your meeting, to which I wanted only to K 
offer an introductory thought coming from : 
my own field of work. ; 
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SYMPOSIUM B 


CYBERNETICS OF ORGANISATION AND 
MANAGEMENT 


(Co-ordinators : F. de P. Hanika and R. F. Ericson.) 


The thirteen contributions to this symposium are arranged in 
a Sequence which gives a measure of cohesion to the varied 
aspects selected by authors within the broad heading of 
'Cybernetics of Organization and Management". 

Following Professor Bulat's discussion of pyramidal, hier- 
archical patterns of business organization as the result of 
the biological strengths and limitations of the biological 
system "man', Dr. Horsmann's paper develops the underlying 
theme of communication rigorously in biological/mathematical 
terms. Subsequently, a classical examination of the relation- 
ships between macro-economic and micro-economic systems by 
Professor Kostié precedes Dr. Vesper's treatment of the 
existence function of goal-seeking organizations in compara- 
tive biological/social systems terms; McCaul extends 
organizational analysis into applied organization concepts. 

Next, Dr. Lemaire's presentation of cybernetic solutions 
in disposing of a suburban railway bottleneck serves as a 
_ useful reminder that abstract analytical systems study 
ultimately serves societal needs. Luckman discusses the 
formulation of policies for dealing with emergency admissions 
to a hospital surgical department and relates this to wider 
aspects of imbalance between demand and available resources, 

At this point, the emphasis changes, the spectific theme 
of communications as such being opened by the thoughtful, 
seminal contribution of Professor Dr. Vera Pilié. Following 
Ing. Neeb's case history of computerized, semantic analysis, 
Professor Campbell reports pioneering investigations into 
relationships between individually adequate/inadequate commu- 
nication levels and organizational membership satisfaction. 
Dr. Millington's paper, espousing the value of a ‘top-down' 
approach in organizational systems analysis for a group of 
hospitals, finds its counterpart in Martin's exposé of 
IDELOGIS, very definitely a ‘'bottom-up' method of industrial 
managerial communications analysis. 

Professor Ericson's prognostications as to what is required 
and should be demanded of the cybernetic organizations of 
the future for mankind to derive maximum benefit, provide a 
fitting end-piece to a session well attended throughout. 


Philosophical elements of pyramidal 


organizational structure 


DR V. BULAT 
Faculty of Mechanical Engineering, 
University of Belgrade, Yugoslavia 


The development of theoretical thought in 
the area of cybernetics has entered all 
spheres of human activities. The complex 
character of interaction of social, econo- 
mic and technological elements, as well as 
of the other business system elements, in 
which human being has a dominating share, 
offers a wide field for the study of this 
problem. 

Comparative research into the distinct- 
ive features of biological systems and the 
characteristics of the business systems 
opens new horizons for improving the struc- 
ture and function of business systems. 
Analysis of business system elements 
reveals growing complexity of business sys- 
tems. The focus of this paper emphasizes 
the correlation between intensified accumu- 
lation of scientific and technical achieve- 
ments and growing complexity of business 
systems leading to complex interactions 
with the environment. Recognition that the 
level of development attained is the result 
of human creative efforts, infers a corre- 
lation with phenomena which link man as a 
biological system to a business system. 

Growing complexity of business system 
activities varies and manifests itself in 
a number of ways. Its origins qualify the 
phenomenon of complexity as multi-dimen- 
sional, Attention is given here to some of 
these ‘'dimensions' affecting the complexity 
of business systems. 

The various activities which represent 
the component parts of a business viewed 
in respect of their relevant characteris- 
tics and differentiated degrees of creati- 
vity, represent a realistic basis for 
assessing the complexity attribute of con- 
temporary business systems, À direct 
explanation of observable aspects flows 
from a comparison of the degrees of devel- 
opment and differentiation of the activi- 
ties involved in the construction of com- 
plex technical systems, e.g. automobiles, 
Viewed in this way, the observed activity 
of the business system has a separate 
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‘dimension! of complexity which, subject 
to certain conditions, may be considered a 
‘subject-matter' in its own right. 

Complex undertakings (landing on the } 
moon, producing a new automobile model, 
constructing big dams, etc.) involve a 
great number of more or less complex and 
long-term activities which interact. This 
enables us to define separate "dimensions! 
of time complexity, where activities are 
grouped in relation to one another and 
differentiated according to the time-span 
involved, say, long-term, medium and short 
term, to provide one possible method of 
classification based on time-criteria. 

Complex industrial products can be divi- 
ded into their component parts and the 
elements from which they originate, deter- 
mined, particularly if we observe large 
systems. To illustrate this, we will study 
a vehicle. 

À company producing vehicles has an 
engine plant, transmission plant, equipment 
plant, etc. as its components. Companies or 
multi-national corporations comprise 
equivalent structural elements; once 
defined, these units can be further divided 
into smaller units; together they compose 
the whole which represents a specific 
‘dimension! of complexity of the business 
system in general. 

The existence of such a time and space 
‘dimension' of complexity in business sys- 
tems postulates a new property of such sys- 
tems, i.e. the capacity to develop complex 
relationships between increasing numbers 
of system elements. The structure of busi- 
ness systems is growing more and more com- 
plicated, 

The formation of the basic structure is 
determined, beside other factors, by the 
specific property of a ‘dimension! of com- 
plexity composed of subject-matter, time 
and space. Common characteristics can be 
expressed through their inherent possibi- - 
lity of making an analysis relationally 
elemental synthesis. The complex problem | 


| 
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can be gradually dismembered into its 
simplest elements and the analytical pro- 
cess reversed by suitable grouping and 
combination of elements to form a complex 


entity. 


Taken in conjunction, these procedures 
Will establish and encompass the relevant 
dimensions. The time dimension can be 
similarly interpreted: long-term, medium- 
term and short-term right down to even the 
shortest time period involved. The strat- 


egical and tactical aspects of this differ- 


entiation represent a particularly impor- 
tant attribute of the time-dimension. 
Space dimension similarly permits decompo- 
sition in the manner described from large 
undertakings into smaller ones and the 
reverse. 

The common traits of subject-matter, 
time and space dimension of complexity of 
business systems merge into a unique pro- 
perty: multi-level structure. The special 
property of multi-level structure arises 
from the differentiated content of these 
‘dimensions! at the different levels; its 
significance growing with the level. Thus, 
a complex business system demands a parti- 
cular hierarchical structure. Study of 
homogeneously harnessed subject-matter, 
time and space dimensions on corresponding 
levels identify a new quality, viz. that 


complexity of matter in many cases, corres- 
ponds to business spheres with large spaces 


and longer periods for the undertaking. 
Gradual decomposition from level to level, 
With the simplification of subject-matter 
narrows the space and shortens the time 
elements particular to the undertakings; 
simultaneously the number of elements 
increases at lower levels. Diagrammatical- 
ly, this decomposition can be interpreted 
pyramidally, hence the term pyramidal 


hierarchical structure, Figure 1 interprets 


the pyramidal structure diagrammatically. 


Fig.1 
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Interpretation of the structure of busi- 
ness systems as a pyramidal hierarchical 
structure is not uncommon in appropriate 
literature. My own interpretation has so 
far tried to isolate some aspects charac- 
teristic of complexity of business systems 
to support the substance of this interpre- 
tation. 

However, the deeper meaning of this 
approach lies in the possibility of identi- 
fication of certain specific characteris- 
tics determining the structure of business 
systems for which analogous characteristics 
can be found in biological systems. At the 
outset, the importance of the human ele- 
ment in contemporary business systems is 
given. The earlier history of the business 
system must also be accepted. The part 
played by man in business systems is two- 
fold, representing both creativity and 
coping with actuality. Creative and realis- 
tic activity of man is natural whilst 
simultaneously the initial extent of com- 
plexity of the business system is a fact 
of life. Leaving aside all other compo- 
nents inherent in man as a biological sys- 
tem, the importance of his thinking pro- 
cesses makes them the top quality of the 
man. In the present context the essential 
characteristic of a thinking process 
relates to its capacity for analysis and 
synthesis. 

À given hierarchical structure clearly 
manifests its analytical and synthesis 
characteristics. This observation covers 
the essence of given hierarchical struc- 
tures of business systems, which are 
reflected by its necessary shape, in the 
same way as the characteristics of the 
biological system we call 'man' builds up 
to its top qualities. 

Retrospective analyses of trends uncov- 
ers increasing complexity of a business 
system. Actually, the ratio of the accumu- 
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lated heritage of man's creative activity 
increases with the complexity of business 
systems when studied with regard to all 

the dimensions of interaction. One contra- 
dictory element is noticed here: Man's 
capacity expressed as a factor of know- 
ledge and time is characterised as a limit- 
ing factor of required changes that would 
increase complexity. This conflict situa- 
tion is resolved when man creates a system, 
the complexity of which exceeds his indi- 
vidual capacity, by organizing that system 
as a hierarchical structure. Differentia- 
ted according to the three dimensions dis- 


Biological specialisation 


cussed earlier, that structure enables the 
relevant elements to be distributed over 
individuals, in a manner which does not 
overtax their capacities. Doing so, at the 
same time provides the conditions neces- 
sary for continued creative development 
and-activity, , 
Summing up: Pointing out the limitations 
of the thinking capacities, the processes 
of the biological system known as man, and 
the hierarchical structure of a complex 
business system, makes the cybernetic 
character of pyramidal organisational 
structure obvious,. 


and the 


communication system of the firm 


DIPL-KFM. W. B. HORSMANN 
Abteilung Betriebswirtschaftslehre, 


Universität Hamburg, W. Germany 


Identification of the problem 

One of the main concerns of General Sys- 
tems Theory is the existence of structural 
similarities or isomorphisms in different 
fields [1.1]. The paper will investigate a 
special problem of this aspect. 

Organisms and firms are generally viewed 
as extremely complex, goal-directed, open 
systems, in which no single element of the 
system performs the whole complex of 
actions necessary to attain the system's 
objective, i.e. where the elements have 
specialised in the performance of certain 
(subactivities. To insure the goal-attain- 
ment in such a system the specialised ele- 
ments have to be coordinated [1.2]. 

N. Rashevsky has proposed a principle 
and a set of transformation rules descri- 
bing the coordination consequences in a 
group of primordial organisms, when certain 
biological functions are specialised in 
some of these organisms [1.3]. It would 
seem that his principle and transformation 
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are applicable in the context of firms, | 
too [1.4]. There are, however, certain 
differences to be taken into account. 

In an organism the activities to be co- 
ordinated are the biological functions of 
the organism itself. They are integral 
parts of the entity that is the organism. 
Their coordination is effected by physico- 
chemical processes performed within the 
organism, where the nature of these pro- 
cesses is indigenous to the respective 
organism, and the processes are identical 
in all organisms of a given species. In a l 
firm the activities to be coordinated are 
performed by entities that are not inte- 
gral parts of the system as in the biolo- 
gical context; therefore two problems, | 
which are closely related, arise [1.5]. 

The intended output of a firm requires 
some input of material goods and their 
processing in some way or another; there-. | 
fore an ordering of this processing is # 
necessary. It will in some cases be large- 


1y determined by technological require- 
ments, in others the firm may be relative- 
ly free in choosing the processing- 
structure. If there is a certain number of 


.technologically feasible alternatives for 


producing the desired output the problem 
of optimising the processing-structure 
arises [2.1]. 

Cum grano salis it may be said that this 
problem is solved for the organism by evo- 
lution. No single organism has to optimise 
the specialisation and coordination in its 
own lifetime. As, however, the lifetime of 
a firm is generally viewed as being inde- 
terminate there is no possibility of 
evolution in a biological sense. There are 
possibilities of improving the ordering of 
processing by restructuring it over time 


[2.2], but because of the temporal inde- 


terminancy no definite judgement as to the 
global optimality of a processing-structure 
is ever possible [2.3]. We will assume here 
that the processing-structure of the firm 
(let it be called its division of material 
labour) is given and is a ‘'workable' one 
[La] e 

The activities corresponding to the divi- 
sion of material labour are performed by 
separate persons [2.5]. To insure that the 
activities actually performed are in con- 
gruence with the requirements of the 
processing-structure, these activities 
have to be coordinated. This must be 
effected by the exchange of information 
[2.6], in contrary to the physico-chemical 
processes in organisms. The problem is that 
there usually are several feasible alter- 
natives of structuring the information 
exchanges to coordinate a given division 
of material labour. 

The persons performing the specialised 
material activities together with the 
connections of information exchanges 
between them to coordinate these activities 
comprise the communication system of the 
firm [2.7]. Its construction thus involves 
the solution of two problems: firstly, the 
division of material labour; secondly, the 
system of information exchanges adequate 
to its coordination has to be determined. 

The difficulty is that, although there 
exist interdependences between processing- 
structures and communication systems, no 
general rules in the form of one-to-one 
correspondence relations can be formulated 
[3.1]. Moreover, the interdependences may 
vary over time in a single firm as well as 
for different firms or types of firms. 

The problem of the processing-structure 


was 'solved' above by assumption. As to 
the communication system the transforma- 
tion proposed by Rashevsky plays the fol- 
lowing role: As it is not possible to 
derive a globally optimal communication 
system (by an argument analogous to that 
concerning the processing-structure and 
the existing interdependences), it may be 
possible to derive a system which would 
insure the survival of the firm, if the 
assumption underlying the transformation 
would be valid also in the context of 
firms. 

This investigation is the object of the 
paper. To this end, the principle of bio- 
topological mapping, as proposed by N. 
Rashevsky, the corresponding set of trans- 
formation rules, and its assumptions are 
stated. Then the assumptions are examined, 
and the consequences of their eventual 
modification for the transformation rules 
are discussed. 


The principle of biotopological mapping 


Presentation 

Rashevsky proposes the following principle 

(Rashevsky, p.128): 
‘There exists one, or very few, primor- 
dial organisms, characterised by their 
graphs; the graphs of all other organ- 
isms are obtained from this primordial 
graph or graphs by a transformation, 
which contains one or more parameters, 
Different organisms correspond to dif- 
ferent values of those parameters. 

The idea underlying the principle is that 
the growth of organisms in complexity pro- 
ceeds through differentiation of tissues 
and through their specialisation. À certain 
biological function f.:, originally perfor- 
ed by all cells, is specialised in cer- 
tain cells and lost in others. At the same 
time, as a rule, those cells which lose f: 
specialise in another function fz, which 
is then lost by the cells specialising in 
f;. Thus a division of biological func- 
tions is established, and instead of the 
originally identical cells there emerge 
certain classes of specialised ones. 

When a cell specialises in the perform- 
ance of a certain function there usually 
occurs some enhancement of the special 
function, it acquires certain subsidiary 
functions. The simplest assumption about 
the number of such functions is that to 
each lost biological function the cell 
acquires one function subsidiary to that 
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in which it specialises. This assumption 
will be made here. 

There are, however, some functions that 
are never specialised in all known organ- 
isms, These (residual) functions do not 
undergo the transformation. The corres- 
ponding points in the graph of the primor- 
dial organism are called residual points, 
and the partial graph composed of them and 
their connecting arcs is the residual 
graph. Although it is mathematically pos- 
sible that a residual graph is not a con- 
nected one, it will be assumed here that 
the residual graph is connected. The func- 
tions subsidiary to the specialised func- 
tions will have to acquire their own 
respective residuals to insure their exist- 
ence. 

The problem is to establish proper hypo- 
theses about the primordial graph or 
graphs and the transformation law. The 
determination of the primordial graph is a 
matter of experimental studies, This is of 
no immediate concern for our purposes, and 
will therefore not be investigated here. 
As to the transformation law, Rashevsky 
has proposed the following set of rules 
[4.1]: 


Let n biological functions f1,...,f, 
become specialised in "m groups of n1,...,"y» 
oe each, where 


Re 


i.e. 1<n:<n for all i=1,...,m, and no 
two different groups specialise in the 
same functions. Let group Ÿ specialise n; 
biological f7 (1=1,...,n;) and lose n-n; 
biological functions f, (k=1,...,n-n;). 

The n-n; functions f, are divided into m-1 
gTOUPS OÉ Nyse ce jy >/ÿ41see em POintS 
respectively. Now the following transform- 
ation rules can be formulated. 

T1 : Draw m distinct primordial graphs. 
The number m is a parameter of the 
transformation. 

T2 : Remove from graph à (=1,...,m) 
those n-n; points that correspond 
to its lost functions. The chosen 

n; are parameters of the transform- 
ation. 

T3 : Connect each specialised point f;7 
of graph ? to the remaining points 
F5k of the graphs j, where 
j=l, en ,t=l, el, 4, 2m which tcorres- 
pond to the points f;7 was previ- 
ously connected with in ©, preserv- 
ing directions. Do this for all 
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points f;1 (1=1,...,n;) and in all 
graphs 2. (i=1;,..41,m)}e 

Ty : Choose a distribution of n-n; ele= 
ments into n; sets, so that the Zth 
set has a number of v;7 elements 
with 
Le 


Z dit = nn 


ot of the v;7 may be zero. This 
will always happen when n; > n-n,. 
The arbitrary chosen distribution 
plays the role of another parameter 
of the transformation. 

Ts : To graph + (2=1,...,m) add nn"? 
subsidiary points and divide them 
into n; sets containing each v;7 
points. Connect each of the v;7 
points of a set to all the other 
non-residual points in the same 
manner as the specialised point f,z 
is connected to them. Furthermore, 
connect the subsidiary points with 
the specialised point and with each 
other. 

Te : Connect each subsidiary point f;7s 
(s=1,...,0;7) to a residual graph 
in the samé Ds as its respec- 
tive specialised point is connected 
to its own residual graph. 


1) 1 


13 12 


di 


To illustrate the formal workings of 
this transformation Rashevsky's example is 
given in a condensed form: There are two 
primordial graphs 

Function f\ is specialised in I, and 
function fL is specialised in II. By Ty 
and Ts I acquires a subsidiary point to 
fi1, II a subsidiary point to f21. Making - 
the connections required by T3, Ts, Te 
givés the following transformed graph. 
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The transformation has some interesting 
formal properties: 
1. The transformation rules generate, 
for the same choice of parameters, 
different transformed graphs, when it 
is applied to different primordial 
graphs. 
As a corollary it follows that it is pos- 
sible to determine in principle the origi- 
nal primordial graph, if a given transfor- 
med graph and the transformation rules are 
known. This may be important for the deter- 
mination of the primordial graph or graphs; 
it may be possible to determine the com- 
plete graphs of a number of simple organ- 
isms experimentally, and by retroversion 


_ of the transformation rules derive the 


primordial graph or graphs. 

2. The transformation rules transform 
any partial graph of the primordial 
in such a way that points of the 
transformed graph, which correspond 
to the points of the primordial, are 
connected in the same manner as those 
of the primordial. 

Because of this property it is possible to 
choose a conveniently small number of bio- 
logical functions in an organism, and com- 
pare the partial graph with the correspond- 
ing partial graph of the primordial, i.e. 
it is not necessary always to cope with 

the complexity of the whole organism under 
study, partial investigations (for instance 
of certain critical areas) are possible. 

3. The transformation rules give a 
description of the specialisation con- 
sequences only with respect to the 
initially given primordial graphs. 

This has two consequences: Firstly, 
although the number of possible transfor- 
med graphs is usually very large for a 
specified set of primordials, it is never- 
theless finite. When, excepting the resi- 
dual functions, all others are specialised, 
so that every tissue corresponds to only 
one specialised function, the process 
stops. Secondly, as the transformation 
poses only some restrictions on the form 
of the primordial (connectedness), it can 
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be applied to any primordial satisfying 
these restrictions. More specifically, it 
can be applied in steps. Starting with a 
set of simple primordials and a set of 
parameters the first transformed graph is 
derived, which may then take the role of 
the primordial in the next derivation, and 
so on. 


Synopsis of assumptions 

The set of assumptions to insure the work- 
ing of the transformation encompasses 
three subsets, They are listed in the fol- 
lowing [8.1]. 


FORMAL ASSUMPTIONS 

F1 : The graph of the primordial organisms 
is specified and identical for all 
organisms, 

F) : The functions to be specialised and 
the residual functions are known. 
The residual graphs are connected. 


MATERIAL ASSUMPTIONS [8.2] 

M, : The objective to be attaïined is the 
survival of the specialiséd organism. 

M» : As the division of functions is 
known (cf. P, below), the environ- 
ment of the organism is a stable one, 
permitting this kind of specialisa- 
tion. 

M3 : The specialised functions become 
enhanced. 


13 


: Each primordial cell acquires as 
many subsidiaries [8.3] as it loses 
original functions through their 
specialisation in other cells. 

: The connection of the subsidiaries 
to their respective specialised 
function is one-way and directed 
from specialised to subsidiary func- 
tions. 

: The connection between the v;7 sub- 
sidiaries is one-way and sequential, 
starting from the lowest numbered, 

: À subsidiary is connected to all the 
functions of its respective special- 
ised function preserving directions. 

: Every subsidiary acquires a residual 
graph corresponding to that of its 
specialised function (whence M;). 


PARAMETERS 

P, : The number m of primordial graphs is 
known. 

P, : The number of points nn, specialised 
inagraph (ele SM) er athE 
division of functions between the 
cells is known. 

P3 : The distribution of subsidiaries to 
the respective specialised points is 
known, 


resi- 
which 
start 


There are some issues concerning the 
dual graphs and the parameter values 
have to be cleared up, before we can 
the investigation of the assumptions: 

The residual graphs coupled to the sub- 
sidiaries (T;) can not be the graphs of 
the non-specialised functions only. They 
must be interpreted as the graphs of the 
residual plus the respective specialised 
function, because there are cases of 
specialisation where the residual functions 
may be connected to each other, but not to 
the specialised function [9.1]. Our inter- 
pretation of the residual graphs and the 
assumption of their connectedness restrict 
the possibilities of specialisation quite 
severely in some instances, as will be 
shown presently [9.2]. 

Let b be the number of functions in a 
primordial graph, n the number of functions 
to be specialised, m the number of primor- 
dial graphs. Then we have the following 
relations: 


b, each primordial cell can 


specialise in one function only, and there 
are no residual graphs. 

If m=n < b, there are residual graphs. 
Each specialised function acquires (m-1) 
subsidiaries, and to these are coupled 
respective residual graphs. 

If m<n = b, specialisations of differ- 
ent kinds are possible, but there are no 
residual graphs. 

If m<n <b, no general statements can 
be made, 

For either m = b or m = n it follows 
from Ty that n; = 1 for all ?. In other 
cases the choice of the n, is restricted 
by the assumption of connectedness of the 
residual graphs. For given n and m there 
are only certain numbers of functions 
specialisable in one graph, as m is the 
number of terms which have to sum up to n. 
For instance, given n=5 and m=3 there 
are only the possibilities of specialising 
3+1+1 or 2+2+1 functions in the 3 primor- 
dial graphs. As an-illustration of the 
restrictiveness of the above assumption, 
the numbers of combinatorially possible 
and assumptionally feasible specialisa- 
tions for the example of Figures 1 and 2 
are given in the following Table, The 
partitioning of specialisable functions to 
cells (e.g. 3+1+1) is called 'Mode'. 


TABLE 1 
fr, Fe m mode comb. ass. 
5 2 211 ed#1 10 10 
Zugel#r2 30 21 
4e (13 20 12 
222 30 7 
5 1+4 5 5& 
2+3 10 5 
3 5 1+1+1 60 3 
4  2+1+1 60 - 
5. 3+1+1 10 7& 
2+2+1 20 5& 
4 4 1+1+1+1 5 - 
5 2+1+1+1 10 5& 
5 5 1+1+1+1+1 1 1& 


The cases marked with an & have the fol- 
lowing properties: 
1) Brsan à 
2) the mode is such that in at least one 
of the primordial graphs only one 


specialised function remains; this 
graph degenerates to a single point. 
The choice of the v;7, i.e. the number 
of subsidiaries a primordial cell acquires 


and their distribution to the specialised 


functions is restricted, too. 

If m=n, only the mode (1+1+.,,) is 
possible, and each cell acquires (m-1) 
subsidiaries to its specialised function. 
If n; = n-n;, the cell acquires exactly 
n; Subsidiaries. It would seem plausible 
to attribute one subsidiary to each 
specialised function, although this is not 
formally necessary. 

run; the cell acquires more 
subsidiaries than it has specialised func- 
tions. Their distribution may be restric- 
ted by 1 < Dre 

If n; > n-n;, the cell acquires less 
subsidiaries than it has specialised func- 
tions; consequently some of the v,;7 must 
be zero. It would seem plausible, although 
not formal]y necessary, to set V;7 = IMÉOr 
the other subsidiaries, so that as many 
specialised functions as possible get a 
subsidiary. 


Investigation of the principle 


The objective 

The major difference between organisms and 
firms concerns the objective to be attai- 
ned. For an organism this is its own sur- 
vival within the respective environment. 
The activities in a firm are undertaken to 
attain an objective which is formulated by 
the entrepreneur(s). The survival of the 
firm is a 'conditio sine qua non' for 
attaining the entrepreneurial objective, 
but not the objective itself [11.1]. A 
measurement of goal-attainment takes only 
two values (0/1) for organism, whereas for 
a firm a graduation of values (which is in 


most instances a cardinal one) is possible. 


Moreover, there is the possibility of 
attaining higher values of the objective 
by incurring additional expenditures, 
Whence the problem of optimisation arises. 
Organisms adapt to changes of internal 
or external data by activities that are 
performed unconsciously to a large extent. 
In a firm adaptation requires conscious 
actions, which must in principle be taken 
by those persons who intend to attain 
their objective by undertaking the enter- 
prise, i.e. by the entrepreneurs [11.2]. 
Assuming favourable circumstances, the 
goal-attainment value can be increased by 


an expansion of the activities of the firm 
in volume or in specialisation. On the 
other hand, the entrepreneurs have only a 
limited capacity for acquiring and proces- 
sing the information necessary, and a 
limited capacity for enacting the required 
activities. This limitation can, however, 
be surmounted by delegation of entrepre- 
neurial authority to subordinate persons 
and/or by a partly transfer of the tasks 
of information acquisition and processing 
to other persons, without giving away 
authority" (staffs)1[12.11. 

Now, these activities, performed by sub- 
ordinates or staffs, can be viewed as 
being performed unconsciously with regard 
to the entrepreneurs, although they could 
be made conscious in principle at any time, 
because their delegation or transfer was 
effected by respective orders. Taking into 
account that such delegation or transfer 
can, be, and is usually, applied in steps 
of further detail, the largest part of the 
activities-of firms can, as a rule, be 
viewed as being performed unconscious1y 
with regard to the entrepreneurs. Thus the 
concept underlying the transformation is 
not violated when these activities are 
considered [12.2]. 

The structure of the communication sys- 
tem is dependent only to a certain degree 
on the objective to be attained. Therefore 
modifications of the objective, or changes 
in entrepreneurial policy, and other major 
decisions made by the entrepreneurs will, 
as a rule, not interfere with the system 
in such a way as to require its complete 
restructuring [12.3]. In view of these 
considerations the transformation seems 
applicable in principle to the derivation 
of a firm, given its division of material 
labour. As the firm is, however, only an 
analogon of an organism some modifications 
of the transformation are necessary. 


The formal and material assumptions 

The first assumption is that the graph of 
the primordial organism is known and iden- 
tical for all organisms (F1). This will be 
investigated under ‘Preliminaries'; for 
the time being it may be assumed to be 
satisfied. The objective to be attained 
(M1) is survival, defined in the sense of 
the previous section [12.4]. As the divi- 
sion of material labour is given and work- 
able, the environment must be a stable one 
(M2). It can be verified by observation 
that the activities concerning the infor- 
mation exchanges become enhanced, so that 
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(M3) is satisfied in general; there are, 
however, some divergences to be taken into 
consideration. 

In organisms there are certain residual 
functions that are never specialised, 
because of general physico-chemical contin- 
gencies pertaining to all organisms. In a 
firm a certain specialisation is justified 
solely by its aptitude for the attainment 
of the entrepreneurial goal. As has been 
pointed out, there is no one-to-one cor- 
respondence between goals and specialisa- 
tions. Therefore it is not possible to 
derive residual functions that are valid 
for all firms. Although there may be some 
residuals specific to a certain firm in a 
well defined situation (which would have 
to be determined by empirical investiga- 
tion), no general rule can be formulated,. 

In relation with the residual functions 
the connectedness of the residual graphs 
(F>) has to be considered, and it has to 
be kept in mind that the transformation 
may be applied in steps. Considering a 
single step, F> would seem plausible for 
the firm, too. If there are functions 
which are performed in all cells, the 
assumption that these functions exert 
influences on the other (specialised) func- 
tions would seem to be valid [13.1]. 

Because of the general validity of resi- 
dual functions in the biological context, 
the necessity arose to add the respective 
residual graphs to the subsidiaries of the 
specialised function, cf. M35. As the 
residual functions in a firm are only 
specific ones, such an addition may not be 
necessary in all instances. In some cases, 
there are subsidiaries of a special func- 
tion which perform only auxiliary activi- 
ties (for instance certain kinds of special 
staffs), they need no residual functions 
for their proper performance. In such 
cases rule Té of the transformation would 
not be applied. As Té is not connected 
With T1 through Ts, no complications will 
arises 

The rules of connection between special- 
ised and subsidiary functions were formu- 
lated with the aprioriness of general 
biological knowledge. In the context of 
firms such general knowledge does not 
exist. Thus, the assumptions concerning 
the enhancement of specialised functions 
(M31- M34) will be taken as working hypo- 
theses, which may have to be altered in 
certain situations, The formal consequences 
of their modification can be derived with- 
out substantial difficulties, and will not 


16 


be treated extensively here. 

By M31 the number of functions in the 
specialised organism, i.e. residuals in 
the original graphs, special functions, 
and subsidiary functions, is equal to the 
original number of functions in the m pri-. 
mordial cells, when the residuals from T6 
are disregarded [14.1]. This indicates a 
tendency to keep the organism, though 
specialised, simple with regard to the 
total number of functions. In view of the 
complexity of real communication systems 
such a principle of 'parsimony' seems 
generally suitable in the context of firms, 
too PIe27 

The way of connecting specialised and 
subsidiary functions, as assumed in M3», 
would imply that a special function is 
always sending information to its subsidi- 
aries, but never receiving any from them 
directly. À two-way connection seems more 
appropriate; Ts has to be modified accord- 
ingly. 

A sequential, one-way connection of the 
subsidiaries with each other (M33) should 
be modified by the same argument, with 
respective consequences for Ts. Recalling 
the subsidiaries performing only auxiliary 
activities, it may not be necessary to 
connect all v;7 subsidiaries with each 
other. The 'auxiliaries' could be exempted 
and connected only to their special func- 
tion. This modification depends, however, 
on the case at hand, so that a general 
alteration of Ts cannot be formulated, A 
corresponding argument applies to M34. The 
‘'auxiliaries' may not be in need of a con- 
nection to the other functions, with which 
their specialised function is connected. 

The difficulty is, however, that the 
classification of the subsidiaries (auxi- 
liary or non-auxiliary) may vary over time 
according to changes in internal or exter- 
nal data. Moreover, there is no possibility 
of an accurate prediction of such changes, 
and therefore no possibility of some kind 
of ‘optimal! anticipation by precise plan- 
ning. Loosely formulated, it can be saïd 
that these problems are solved for the 
organisms by evolution; species not able 
to adapt to changes of data become extinct. 
In firms these difficulties have to be 
overcome by formulating viable plans, their 
recurring reappraisal, and eventual re- 
formulation. À communication system derived 
by the suitable modified transformation 
constitutes a viable plan; its reappraisal 
and reformulation cannot be treated in 
this paper. 
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The parameters 


Preliminaries 


Before the parameters of the transforma- 


tion can be investigated two problems have 
to be discussed, namely the form of the 
primordial graph and the possibility of a 
stepwise application of the transformation. 

In the biological context the primordial 
graph or graphs have to be determined by 
experimental studies. Experiments in this 
sense are impossible in the context of 
firms, because of the essential non-repro- 
ducibility of economic events. Neverthe- 
less, there is some measure of aprioriness 
due to the definition of conscious human 
activity. Such activity may be generally 
described by Fig.3. 


Fig.3 

I = general inducement to act 

GF = formulation of goal to be attained 
by acting 

SA = search for alternatives of action 
Suitable for goal-attainment 

D_="decision, i.e. choice of the best 
alternative 

R = realisation, i.e. performance of 


the activities comprising the 
._ chosen alternative 
N/R = comparison of results as per deci- 
sion and realisation, to detect 
divergences 

AD = analysis of divergences. 

The fully drawn arrows describe the 
sequence of phases of action, as well as 
the flow of information that is a direct 
result of the phases; the partly drawn 
arrows describe the flow of information 
which is necessary for certain phases in 
addition to those supplied sequentially. 

As the activities performed in a firm 
are obviously conscious human activities, 
Fig.3 (let it be called the control-graph 
of an activity) could be used as the prim- 
ordial graph required for the derivation 
of the communication system [16.1]. There 


is, however, the peculiarity to be taken 
into account that the activities performed 
in a firm are not independent of each 
other [16.2]. Within the division of 
material labour they are related by 
mean/end-relations ordering their perfor- 
mance structurally and sequentially, where 
the ordering is, of necessity, a hierarchi- 
calsone’ 116.3]. 

À hierarchy is essentially a description 
of variations in importance, whichever the 
material criterion of the definition of 
importance may be. Therefore it is not 
permissible to treat the set of a11 
persons performing the activities of a 
firm as a homogeneous colony in the sense 
of the transformation, as implied in F]. 
Thus a direct, one-step derivation of the 
system by applying the transformation to 
M control-graphs (where M is the number of 
persons working in the firm as a total) is 
impossible, This is no serious limitation, 
because the transformation can be applied 
in steps. There is, however, a problem 
concerning the sequencing of the steps, 
because there are two approaches to the 
derivation of the complete system. 

The first approach is to start at the 
top of the hierarchy, working down level 
by level and taking into account all 
persons on each level respectively. The 
second approach is to start at the top and 
work down, but taking into account only 
certain persons on each level, then start- 
ing at the top again and taking into 
account only certain other persons, and so 
on. If, for instance, the hierarchy were a 
tree in the sense of graph-theory, the 
first approach would always consider the 
whole of the tree down to the level under 
investigation, but no level beneath it, 
whereas the second approach would investi- 
gate certain partial trees down to the last 
level before others would be considered, 

The problem now is that, at least for 
hierarchies in the form of a tree, the 
structure of the system will depend on the 
way of derivation, because connections 
between elements belonging to the same 
level but not to the same partial tree 
will not be derived; these persons have to 
communicate through higher levels. This 
may be a disadvantage in some cases, 
because thus the system is slowed. On the 
other hand a system derived by the partial 
tree approach will, ceterts partbus, be 
less complex. These aspects have to be 
evaluated in the actual investigation with 
regard to the necessities of the specific 
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firm. 

Moreover, the approaches are not mutual- 
ly exclusive. It is quite possible to 
start with the first down to a certain 
level and then go on with second, or vice 
versa; their combination is largely depen- 
dent on the properties of the hierarchy 
under actual investigation, so that no 
general rules of sequencing can be formu- 
lated [17.1]. For the discussion of the 
parameters to follow this is, however, of 
no serious consequence. 


Discussion 

We will, because of spatial limitations, 
only discuss explicitly the parameters for 
the simple case of a hierarchy in the form 
of a tree [17.2], where there is only one 
node at the top of the tree and the tree 
has three levels, i.e. there is one entre- 
preneur with a certain number of direct 
and one-time indirect subordinates. 


III 


Fig.4 


The persons on levels I and II can be 
treated as the homogeneous colony required 
by the transformation by the following 
argument: The entrepreneur has delegated 
some of the activities corresponding to 
certain phases of his control-graph, which 
would be performed internally by the entre- 
preneur, had he not employed the respective 
persons, i.e. if he were the only person 
working in his firm. On the other hand, the 
persons on level II have specialised in 
certain phases of the entrepreneurial con- 
trol-process, which would have to be per- 
formed separately in every person. if they 
worked together as an unspecialised group. 
Therefore the form and number of primordial 
graphs (P:) is given. 

Furthermore, by inspection of the hier- 
archy, which is the mapping of the division 
of material labour, the specialisations 
with respect to the control-graph (P;,) can 
be determined by conversion of the material 
specifications into terms of the control- 
graph [18.1]. If, for instance, the ele- 
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ment e, is the manager of production, his 
specialisation is in the R-phase of the 
entrepreneurial control-graph, if e3 is 
the controller of the firm his specialisa- 
tion is in the R/D- and AD-phases, and so 
on. In addition, by this conversion the 
nature (orders, reports, commentaries) and! 
content (e.g. production order) of the in- 
formations to be exchanged are determined. 
In reality, firms are members of an eco- 
nomy, which is essentially a mechanism 
controlling the distribution of the goods 
and services produced by its members. The 
goods and services the single firm produ- 
ces are determined with regard to the 
necessities in the economy by a division 
of labour of a higher order than that 
which is practised within the single firms. 
Therefore, as a rule, the single firm has 
to buy goods and services from others, 
which it then processes, and subsequently 
sells to its users, who may be still other 
firms or consumers,. Taking this phenomenon 
into account, it may perhaps be better to 
divide the R-phase into subphases of 1) ac- 


quisition of materials, i.e. goods and/or 
services necessary for producing the 
desired output, 2) production, i.e. trans- 
formation, -mutation, -location of the 
materials, 3) sale/delivery, of the goods 
produced, to the users. 

Such a subdivision is obviously useful 
at the economic level, i.e. with regard to 
the control-graph of the entrepreneur. It 
would seem, however, to be useful with 
regard to the control-graphs corresponding 
to the activities in a single firm too, 
because by the firm's division of material 
labour persons have to acquire certain 
‘products! or 'services' from others, pro- 
cess them, and deliver their own ‘products! 
to still other persons. Thus, the control- 
graph of conscious human action performed 
within a division of labour may be better 
formulated with a subdivision of the 
R-phase. 

It may be argued that, because of the 
hierarchical nature of the division of 
material labour, there is some aprioriness 
beyond the form of the control-graph 
itself: 

It would seem plausible that any of the 
persons on level II cannot specialise in 
the I-, GF-, or D-phases of the entrepre- 
neurial graph; the initiation of actions, 
the formulation of goals, the choice of 
the best alternative are generally viewed 
to be typically entrepreneurial functions 
[19.1]. This also makes sense in terms of 


the control-graph, because it can be seen 
that these phases play a decisive role in 
determining the actions to be undertaken 

in the other phases of the control-process 


_ [19.2]. Although there may be some modifi- 


cations as to the contents of the respec- 
tive phases of multi-level hierarchies, 
the above considerations can be general- 
ised: the element on the uppermost level 
under investigation does not lose its I-, 
GF-, and D-phases, 

The persons of level III can be inter- 
preted as subsidiaries to those of level 
II under the above considerations, so that 
the distribution of subsidiaries (P3) is 
given, too. By inspection of the hierarchy 
the material nature of these subsidiaries 
(auxiliary or non-auxiliary) and the 
adequate connection consequences can be 
determined, It will be realized that the 


 control-graph corresponding to the entre- 


preneur acquires no subsidiaries. This 


_ makes sense, because, in the view of the 


entrepreneur, already the activities dele- 
gated to level II are subsidiaries with 


regard to the goal-attainment of the 
entrepreneur. 

By inspection of the specialisation 
between levels I and II the eventual speci- 
fic residual functions will emerge, and by 
inspection of the nature of the subsidi- 
aries the addition of specific residuals 
to subsidiaries and the connection conse- 
quences can be derived. 


Summary 

The results of our investigation can now 
be summed up. If the set of transformation 
rules corresponding to Rashevsky's princi- 
ple of biotopological mapping is modified 
according to certain divergences between 
organisms and firms, if the division of 
material labour of the firm is given, and 
if the concept of the control-graph is 
accepted as a valid description of consci- 
ous human activity, this transformation 
can be applied to derive a communication 
system of the firm. 

The divergences hinge on the non- 
generality of residual functions in the 
context of the firm and on the nature of 
the subsidiaries with respect to their 
specialised functions. Because of them, no 
general transformation, applicable to all 
firms, can be formulated, The set of rules 
is dependent to a certain extent on the 
peculiarities of the firm under investiga- 
tion. The respectively necessary modifica- 


tions have to be determined by an inspec- 
tion of the given division of material 
labour. 

À system thus derived is not globally 
optimal with regard to the attainment of 
the entrepreneurial objective. It can only 
be presumed that it insures the survival 
of the firm with regard to the activities 
performed unconsciously (in the view of 
the entrepreneur), when the firm's environ- 
ment is a stable one; thus supplying the 
"'conditio sine qua non' for the attainment 
of the entrepreneurial objective [21.1]. 
The system is viable in the sense that 
interdependences between objectives and 
communication structures are not one-to- 
one [21.2]. It is flexible, furthermore, 
in the sense that it can be constructed 
in steps of increasing complexity, and, 
conversely, can be restructured partially 
if the necessity arises [21.3]. 

Although there may be difficulties in 
the construction of an actual system, 
especially for hierarchies more complex 
than the one considered above, it would 
seem that the concept of specialisation 
and differentiation embodied in the prin- 
ciple of biotopological mapping offers a 
possible way for the derivation of a com- 
munication system of the firm. 
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ion. The processes of their formula- 
tion, eventual modification by 
learning or by autonomous decision, 
and the ensuing organisational con- 
sequences are not investigated here; 
cf. Szyperski, passim, especially 
pp 649/50 and Emery, pp 114-118. 
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Cyert/March, pp 107/8; Berthel, 

pp 117/8. 

The idea behind the delegation or 
transfer is to alleviate the entre- 
preneurs of some of their tasks by 
creating subunits of elements, which 
perform in a self-regulatory way. 
Such self-regulation is a principal 
necessity in the system investigated 
here; cf. Beer (Decision) pee 
and 370/1. 

Cyert/March, p 102; Berthel, p 89. 


\ It must be pointed out that there 
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are certain restrictions on the pos- 
sibilities of changes in a given 
firm; cf. Beer (Decision) pe 
Beer (Kybernetik), pp 161-163. 

If there is more than one step, it 
has to be investigated, in the case 
at hand, if the specific residuals 
of the first pertain also to the 
further steps, or if there are resi- 
duals valid. only within steps; no 
general rule can be given. 
Rashevsky, p 131. 


It will become clear in the ‘Discus- 
sion' section that the distribution 
of subsidiaries is determined by the 
division of material labour of the 
firm. If, by this determination, a 
special function acquires more sub- 
sidiaries than it would have by the 
transformation, it can be argued 
that (under the principle of 'parsi- 
mony') a possibility of restructur- 
ing the division is indicated. 
Bôssmann, p 51; Wild, p 331. 

For a general presentation of the 
consequences see Berthel, p 51. 
Emery, pp 2/3 and 6; Szyperski, 

p 653. The hierarchy mentioned here 
is not to be confused with the hier- 
archy of command in a firm. Although 
there may be connections between the 
two, the structure considered here 
is a general device for coping with 
the complexity of ordering the acti- 
vities. 

There may be a certain measure of 
aprioriness due to the concept of 
decomposability of systems, which 
would favour the partial tree 
approach; cf. Emery, pp 31-33. 

For a discussion of tree structures 
see Emery, pp 7-12. 
Berthel,snp149,6454, 

Peer .(Decision) De. 

Szyperski, p 650; Emery, pp 124/5. 
It may be said that the system 


handles the information processing 
With a programmed nature; cf. March/ 
Simon, pp 141-150, 


| 21.2] Cyert/March, pp 100/1. 


21.3] Beer (Decision), pp 256/7; Beer 
(Arch), p 14. 
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‘Organiza- 


Beyond the goals-the existence-function of 


the firm 


V. D. VESPER 
Freie Universität, Berlin, W. Germany 


Since System Theory is a supra-discipli- 
nary theory, it seems possible to begin 


with an example taken from biology: If one 
wants to increase agricultural production 
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one needs theories about general condi- 
tions for the growth of plants. It is not 
sufficient to learn by research that some 
observed plants consume certain minerals. 
Only with theories about general condi- 
tions will it be possible to develop 
methods for improving agricultural product- 
ion like artificial manuring or breeding 
of more productive species, 

An analogical conclusion for the field 
of social systems, especially business 
firms, would declare that present research 
on the goals of the firm has come to a 
deadlock. There have been empirical inqui- 
ries in which vastly different goals have 
been ascertained by questioning business 
managers; and the question whether the 
maintenance of existence can be regarded 
as the supreme goal of the firm is still 
disputed. Practically speaking, this means 
that scientific statements concerning the 
goals which managers can pursue are either 
not possible or are regarded as normative, 
i.e. non-scientific. This desolate situa- 
tion can only be overcome if one tries to 
solve the problem with other methods. The 
starting-point for this attempt should be 
statements about general conditions for 
the existence of firms as a function of 
their goals. 

Questioning managers is not a sufficient 
method of completely understanding the 
problem of goals, because managers are 
only subsystems of the respective super- 
system ‘"firm'; thus we need additional 
empirical research on the level of the 
supersystem. However, as shown with the 
initially given example, a simple observa- 
tion of the behaviour of the whole firm is 
not sufficient either, since accidental 
impediments in the environment may prevent 
the system from attaining its goals. To 
avoid conclusions derived from merely par- 
tial viewpoints, I shall now try to analyse 
the problem from a holistic point of view, 
whereby 'holism' is understood not in a 
metaphysical but in a pragmatic sense; 
this conception regards the properties of 
the whole as a non-trivial result of the 
interaction of its parts, as pointed out 
by Simon (1965, pp 63-64), 

Now, however, it has become necessary to 
explain what is meant by the term 'goal'. 
This term is very difficult to define; in 
the literature, one can find various defi- 
nitions, but these shall not be discussed 
in detail within the scope of this paper. 
One interesting example may suffice: 
Heinen (1966, pp 49-51), who has thorough- 
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ly analysed this subject, utilises a defi= 
nition based on decision theory: Goals are 
defined as elements of decision models. 
This very elegant way of proceeding seems 
unsatisfying, insofar as it restricts the 
term 'goal' to human beings. Obviously, 
animals and plants also pursue goals, e.g.i 
the goal of self-maintenance. Consequently, 
the definition given by Heinen does not 
comprise 'goals' in general, and it is 
therefore appropriate only for a small. 
part of reality, even if one emphasises 
that this definition is very appropriate 
for use in decision theory. In detail, 
Heinen's 'goals' comprise such parts of , 
decision models from which optimum alter- 
natives can be derived, i.e. goals are 
regarded as imperative statements which 
are of a normative, non-empiric character. 
This is exactly the dilemma described in 
the beginning. 

From this point of view, all that science 
can say about goals is this: If you want 
to attain a given goal you have to do cer- 
tain things. In my opinion, such a state- 
ment misses the point. Science should first 
answer the question: Which goals 'possess! 
systems, i.e. which goals are apt to 
determine the behaviour and existence of 
systems? Which goals are consequently 
‘natural! parts of systems? For example, 
adaptation is obviously a natural feature 
of open self-organizing systems (which, in 
contrast to closed systems, are the sole 
subject of this paper). Systems which 
cease adaptive behaviour will perish, as 
well as systems which no longer pursue 
their natural goals. 

Customary definitions of the term "goal! 
usually define a goal as a future state. 
Yet it is not possible to call al future 
states 'goals', because this would exclude 
all cases of a non-attainment of goals. 
Such a definition would be tautological. 
To avoid this, one generally says the 
future state has to be 'aspired to', which 
implies a subject able to aspire to states. 


Now, however, the problem arises again 
that the defined term is applicable only 
to human beings or, in any case, to higher 
organisms, Because wide parts of the realm 
of self-organizing systems are thus exclu- 
ded, such a definition shall not be accep- 
ted. 

Obviously, goals are future states which 
systems are steering towards despite 
external disturbances; the attainment of 
such a state is defended by the system 
against the 'noise' of the environment. Of 


| course, this defence may fail; therefore 


it is possible that the goal cannot be 


| observed in the external behaviour of the 
| system. If a firm permanently operates at 
| a loss, one cannot conclude from this 


observation that the firm actually pursues 
the goal of maximizing its profit. But 


| where are goals observable if not in exter- 
I: nal behaviour? Answering this question 


requires some remarks concerning general 


conditions for the activity of self- 
| organizing systems. 


I would like to refer now to another 
model in which I tried to describe the 


|rinternal structure of open, self-organizing 
| systems (Vesper, in preparation): Obviously 


all such systems have in common an abstract 
informational code effecting direct inter- 


_ ferences into the environment via a hier- 
Rey of processes, The levels of this 


hierarchy of processes may be regarded as 
Sshells which afford the sensitive code 
graduated protection against the hostile 
environment, The central shell, very rich 
in energy, is the subtle milieu in which 
the code can flourish; the outer shells 


 transform the regulating commands of the 


code into more and more concrete processes, 
The utmost shell finally interferes direct- 
l1y with the natural environment. Thus each 
outer shell can be regarded as an artifi- 
cial environment of the next inner shell, 
Consequently, a construction is obtained 
which consists of artificial environments 
following one another; these environments 
grow increasingly abstract and more and 
more rich in energy towards the centre. 


L The shells allow the code to survive 


within the noise of the hostile natural 


environment. Thus the code regulates the 


behaviour of the whole system. This model 
allows us to understand structural adapta- 
tions in the construction of the system; 
these adaptations are characteristic 
features of self-organizing systems and 
cannot be explained by purely cybernetic 
models. In another context, this limitation 
of cybernetics has also been emphasised by 
M Dertalanffy (cf., e.g., 1969, p 150). 
According to the ‘Model of Shells', sys- 
tems are patterns of information within a 
field of relative informational entropy. 
The pattern maintains (and increases) its 
informational content by the exploitation 
of 'potential-fields', i.e. fields of 
thermodynamic negentropy, which generally 
is the ‘'fuel' for the maintenance of pat- 
terns according to the generalized Carnot- 
principle (cf. Brillouin,, 1962, e.g., 


p 264). The environment, i.e. the field of 
informational entropy, contains natural 
fields of energetic negentropy. This 
negentropy is enriched within the system 
and transformed into information. The self- 
maintenance of the whole system is regula- 
ted by a Central Code (CC), which trans- 
forms itself into concrete output via a 
hierarchy of processes regarded as a 
sequence of shells. In relation to the 
problem of this paper, the role of this CC 
needs further discussion. 

It might be interesting that the survival 
of a system is statistically determined by 
the CC and not by the environment, since a 
CC of sufficient complexity can even over- 
come environments of supreme hostility. 

The flight of man — i.e, of human genetic 
code — to the moon, is an example of this. 

Now we can try to define the term 'goal': 


A goal is a behavioural command recorded 
in the CC of a system. Since the CC regu- 


lates the system, the system tries in its 
entire behaviour to execute the CC's com- 
mands against environmental noise. But 
reality is complicated, and one must 
additionally recognize that — within 
recorded limits — the CC is able to dele- 
gate the concrete formulation of subgoals 
to other areas (cf. Ashby, 1960, 

pp 235-237). Human genetic code, for 
example, delegates the formulation of cer- 
tain goals to the brain. Similarly, social 
systems have staff departments; and the 
employees or the functionaries of these 
systems usually obtain a range of compet- 
ence within the limits of which they can 
make their decisions at their discretion. 

Thus a hierarchy of goals and subgoals 
is achieved. For the single levels of the 
hierarchy, called 'shells' above, no con- 
crete contents, but only limits are recor- 
ded within the CC. These limits allow dif- 
ferent means of concretely realizing the 
respective superior goal, which in turn 
determines the range of the limits. Any 
attempt at concrete realization can be 
regarded as a subgoal or as a means of 
attaining the superior goal. 

Now discussion of the CC's complexity 
can be continued. Apart from elements for 
the pure control of execution, a CC of a 
system consists basically of two parts; 
these shall be called ‘nucleus' and ‘'orna- 
ment'. The nuclear command is the ‘sine 
qua non' for the existence of the system; 
it is a general existence-maintaining com- 
mand determined by general features of the 
environment in the process of mutation and 
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natural selection. Consequently, the CC 
has to be more complex than its environ- 
ment which, however, determines the devel- 
opment of this CC. This statement seems 
contradictory; but the problem has been 
solved by the theory of self-reproduction 
and evolution which was established by 
John v. Neumann (cf., e.g., Myhill, 1964). 
In contrast to the nuclear command, the 
ornamental commands are a code for the 
concretization of the nucleus; the struc- 
ture of the ornament is determined by 
special random features of the environment. 
Obviously, each nucleus can be transformed 
into concrete output by many different 
types of ornaments. This explains the 
great variety of forms of living beïings, 
as well as of organizations. The following 
Table tries to clarify these terms with 
examples. 


energy in their food (Schroedinger, 1951)4 
This gain in negentropy-surplus within a 
complex environment can be achieved in 
many different ways; nearly all these Ways 
are utilized in nature. For this task the 
human or animal brain plays the role of an 
tool for the genetic code, as do legs, L 
wings, fins, etc. Consequently, the brain 
is not identical with the CC of man even 
if this may seem peculiar. Rather, the 
brain is subordinated to genetic control 


(cf. Ashby, 1960, p 8). Thus one can state 
that the brain's construction and function 
are controlled by the ornamental part of 
the genetic code, i.e. of the CC. ! 
If top-management is regarded as the 
‘brain! of the firmi(cf. Beer 10e 
pp 265-266), the behaviour of top-manage-. 
ment is also controlled by the ornament of 
the CC. Consequently, the goals established 


TABLE 
Central Code (CC) 
Ornament 
Nucleus 
(subgoals ,means) 
Biological Genetic self-maintenance forms of growth, 
systems code via permanent CAR TINS, WINes, 
(individuals) gain in surplus brains, ... 
G s of chemical 
enetic pool 
(species) CASE 
Social Statutes, self-maintenance kinds of products, 
systems constitutions, via permanent branch of business, 
rules, gain in surplus form of government 
plans of social 
‘currency', eg. 
money, social 
advantages 


The CC can be compared to the commands 
of a computer program. The nucleus is an 
unalterable part; the remaining ornamental 
parts, however, are more or less exchange- 
able — within functional limits. This 
variety allows the richness of forms in 
the realm of organisms, as mentioned above; 
for this reason it seems obvious to speak 
of the ornamental part of the CC. The 
realization of the nucleus, i.e. of the 
command to maintain the existence of the 
system — if necessary via adaptation of 
its ornamental goals — can only be effec- 
ted by a permanent gain in surplus of 
thermodynamic negentropy. Living beings 
gain this negentropy from the chemical 
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by top-management must continuously be 
adapted to the changing environment in 
order to prevent harm to the system. Hence 
it follows that goals like power, prestige, 
maximization of the turnover, etc., are 
subgoals of the nucleus and cannot be dis- 
cussed on its level, as Heinen (1966, 
pp 107-110) obviously does. Likewise, the 
branch of business is of ornamental charac- 
ter, even if it is easily mistaken for a 
constitutive part of a firm. In a firm 
without diversification, the nuclear com- 
mand cannot be permanently realized; within 
a dynamic environment, the life-span of 
this firm is limited, 

Now the question arises: What is the CC 


Mofra firm, 
_ogy to biological systems a firm should not 
_be regarded as an individual but as a 

Hépecies (Beer, 


if not top-management? In anal- 


2967%,%p 163). The CC of :a 


_ species is obviously the genetic pool, 


i.e. the common stock of genes. Similarly, 
the CC of a firm is the common stock of 
individual interests of all persons belong- 
ing to the system. It is a common interest 
in a guaranteed existence, which is expres- 
sed in the interest to work. Here, the 
demand for income is the nuclear command; 
all other requirements are ornamental, and 
their formulation is delegated to manage- 


ment — or to institutions like trade 


Æ 


unions. In bad times even the worst jobs 
Will be accepted; this confirms the thesis 
of the ornamental character of all other 
factors. 

Sometimes we find written versions of 
MC orlof.partsrof, the CC, e.g. the 


statute of a joint-stock company in con- 
_ nection with corresponding laws, 


or deeds 
of partnership in general. Democratic 
states have constitutions, which are just 
as well a manifestation of the common 
interest of all participants or at least 
of a majority of them. 

Of course, this common interest may 
Change. In this case, either the system's 
ornament is adapted — the system undergoes 
a restructuring — or a complete new CC 
emerges, i.e. a new system is formed and 
the old one disintegrates. This process 


may occur in a revolutionary or an evolu- 
tionary way. Consequently, the conception 
of system theory presented in this paper 
does not imply the conservation of custom- 
ary forms of political or economic power. 
Thus, my model of the CC does not imply 
that the CC of a certain system will always 
be maintained. The model simply means that 
4 CC, “a structure of goals, is a natural 
pParntiof every system. If the CC dissolves, 
or if it is not adapted quickly enough to 
environmental noise, the system dissolves. 
This statement seems valid not only in 
economics or politics; many animal and 
plant species became extinct because their 
genetic code was not adapted quickly enough 
to environmental change. 

Concerning the theory of the firm, it 
remains to be said that a firm as a social 
system possesses a structure of goals as a 
natural feature, even if this feature may 
not be maintained. It is a natural feature 
of an organism to look for food; neverthe- 
less, it may starve. One must emphasize 
again that the goals of a social system 


are not a property of single persons but a 
property of the system itself; that is, 
they result from the common interest of 
all persons. But the formulation and 
restructuring of the ornamental part of 
the CC is effected by the DEC of 
managers or functionaries. 

Evidently, the CC must have a graduated 
structure; i.e, it shows clearly distin- 
guished levels, These levels are usually 
called policy, strategy, tactics and 
operations. Operational goals obviously 
need a quicker adaptation to the environ- 
ment than the superior tactical goals; the 
same can be stated for the higher levels, 
strategy and policy; in this paper, policy 
is identified with the nuclear command, To 
defend the system against environmental 
noise, a permanent adaptation and restruc- 
turing of the goal structure has to take 
place. In doïng so, the lower the level is, 
the more quickly this adaptation has to be 
effected. Only the nucleus is an autono- 
mous goal from which all other goals can 
be derived. 

But what happens to a system which auto- 
nomously pursues goals which are on the 
strategic, tactical or operational level? 
Here one thinks of goals like power, 
prestige, branch of business, etc., as 
mentioned above, The nuclear command con- 
cerns instructions for probing the envir- 
onment for that currency (negentropy) 
which keeps the system together; all other 


goals have the character of means. If a 
means, i.e. a subgoal, is pursued autono- 
mously, the efficiency of the system with 
regard to the production of currency will 
sink. Its efficiency will sink because 
adaptation to the environment is no longer 
oriented at a maximization of productivity 
but at a subgoal which does not imply the 
maintenance of the system. In such a case, 
the life-span of the system is consequent- 
ly shortened. The life-span will be the 
shorter, the lower the level is from which 
the autonomously pursued goal originates,. 
Of course, instead of a single goal a 
vector of goals may be pursued, but this 
does not change the consequences, 

In Fig.l the ordinate indicates the 
height of level to which an autonomously 
pursued goal belongs. However, the ordinate 
indicates this in a reversed sense: the 
highest level, the nucleus, corresponds to 
the origin of the ordinate. Now, the 
abscissa shows the increasing life-span of 
the system as a function of the level of 
the autonomously pursued goal. The result- 
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level of the 
autonomously 
pursued goal(s) 


operations 


tactics 


strategy 


nucleus 


ing curve E1 will tend to have a hyper- 
bolic shape; for if the nuclear command is 
consistently executed as supreme goal, the 
life-span of the system will asymptotically 
tend to infinite. But if the supreme goal 
originates from the lowest, the operational 
level, the life-span will tend to zero. 

Now it is evident that the existence of 
a system depends on a structure of posi- 
tively existing goals which can be 
regarded as recorded in the CC of an imagi- 
nary, perfect system. "Positively existing! 
means that these goals have the character 
of laws which can empirically be tested. 
The actual form and type of realization of 
this structure is quite another question 
which concerns single systems but not the 
set of all systems which can exist. 

According to Heïnen (1966, p 50), goals 
contain value judgements which cannot be 
empirically tested; but in my opinion it 
is possible to test the functional depen- 
dency shown in Fig.l. The positive struc- 
ture of goals presented in this model can 
be empirically tested for the degree to 
which it influences the existence of a 
system. That is, one can obtain positive 
statements on a system's conditions of 
existence. À method of proceeding which 
makes no fundamental distinction between 
possible levels of goals will not lead to 
general statements, and thus any predict- 
ions concerning the behaviour of systems 
as a function of their goals will not be 
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Fig.1 


_life-span of 
the system 


possible. 

Curve E;, in Fig.l, however, allows scien- 
tific predictions on the behaviour, i.e. 
the life-span, of a system whose actual 
goals are known: À deviation from the 
optimum structure of goals leads to a 
shortening of the life-span, The actual 
goals may be ascertained by internal 
research within the system; and we are 
always able to say whether these goals are 
of an optimum structure with regard to the 
existence of the system. This optimum-CC 
is obviously a law indicating conditions 
for the permanent existence of a system 
within the noise of its environment; it 
can be tested empirically and therefore 
has the character of a natural law. 

Clearly, this conclusion results from 
the definition of goals used above, which 
generally regards goals as regulating com- 
mands for the behaviour of systems. Accord- 
ing to this, DNA can be regarded as con- 
taining the goal structure of an organism; 
but for pure natural science the term 
‘goal! is, in my opinion, not at all 
appropriate. I should prefer to speak 
about behavioural commands or CC-elements, 
because 'goal' implies a model of the 
future, and I am not sure if a DNA-molecule 
makes use of models. That is the reason 
why this paper relies on a functional 
definition which, in contrast to psycholo- 
gical definitions, avoids a restriction to 
the human sphere -— because it does not 


|presuppose terms like 'will' and ‘'inten- 
| tion'. In the Model of Shells, mentioned 


above, the term 'goal' was largely avoided 
and has only been used in special contexts; 
but since this paper particularly concerns 
the field of business firms, where much 
literature makes use of the term 'goal!, 


| the term was retained. Nevertheless, this 


paper utilizes a new definition applicable 


to systems in general. Thus the problem of 
| whether goals are normative value judge- 


ments turns out to be a question concern- 
ing psychological elements in formulating 


| definitions. 


If one assumes that between the goal- 


| levels of Fig.1 continuous transitions can 
| \be observed, it is clear that the curves 
ME; can be plotted without interruptions. 


Now the ordinate can be described by a set 
of variables, Consequently, one obtaïins a 
D 00 eg: 0(N;aj,ta;, ..., a), which 
Hindicates the CC of a system. "N' symboli- 
zes the nuclear command, the a's are sets 
of goals, and the subscript gives the level 
the set belongs to, as shown in Fig.l. 

I have mentioned that an observed CC may 
be more or less efficient for the exist- 
ence of the system. This case concerned 
the autonomous pursuit of goals which are 
actually subgoals and which cannot guaran- 
tee the survival of the system. Yet it is 
also possible that the whole CC, in its 
entire operation, is more or less effici- 
Pot Mheefficiency, d.e. the 'existence- 
value! of a complete CC for a system, can 
be regarded as a function of its structure: 


E = £(N; dA1s A2» an) 


This function may be called the 'existence- 
function of the firm'. In Fig.l the exist- 
ence-curves E> and E3, compared with E], 
show an increasing efficiency of the CC 
under variation of the autonomous goal- 
level. Curve Ep crosses the coordinates; 
i.e. if the autonomous goal-level is 
reduced, the CC very quickly becomes harm- 
ful. The life-span reaches the value of 
zero; but even if the nuclear level is 
observed, the life-span will be rather 
short."To increase this span, a 'super- 
nucleus', which is not defined in this 
model, would be necessary; it might be 


conceived of as external support. 

What consequences does this model have 

for management theory? 

a) In a firm, there must be permanent 
checks of whether goals are autono- 
mously pursued which do not belong to 
the nuclear level of the CC. The con- 
servation of the branch of business 
is a typical example of this. Yet the 
modern practice of diversification 
affirms that even the branch of busi- 
ness can be adapted to a changed 
environment. 

b) Furthermore, there must be permanent 
checks of whether the entire effici- 
ency E of the CC, i.e. of the goal- 
structure, can be increased. In this 
manner, one can try to avoid the 
realization of a disastrous CC as 
indicated by curve Eg in Fig.l. 

Finally, one could say in general that 

the task is to compare permanently the 
firm's actual goals with a positive exist- 
ence-function. Here, deviations are apt to 
show a way to corrections, This may be an 
important instrument for the control of a 
firm, 
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La mésoeconomie comme soussystème de la 
structure macroéconomique et les criteriums 


de son fonctionnement et de son | 


développement 


PROFESSOR Z. K. KOSTIC 
Faculté des Sciences Economiques, 
University of Belgrade, Yugoslavia 


L'entreprise comme structure mésoéconomique 


L'entreprise est un composant de la struc- 
ture sociale et un composant économique de 
la macroéconomie, dont la propre unité éco- 
nomique et sociale est determinée — 

1. Envers les microéconomies des membres 
de la communauté du travail: par les 
relations entre les possibilités indi- 
viduelles et collectives en réalisa- 
tion des buts microéconomiques. 

2. Envers la macroéconomie: par les rela- 
tions entre le travail prêté par la 
communauté du travail dans le résultat 
économique de la mésoéconomie et le 
travail que la société reconnaît dans 
ce: résultat, 

1. Les membres de la communauté du trav- 
ail de l'entreprise réalisent leurs inté- 
rêts microéconomiques en réalisant les 
buts et les intérêts de la mésoéconomie, 

La communauté des intérêts résultant de 
cette relation et représentant la base des 
connexions structurelles des soussystèmes 
microéconomiques avec le système mésoéco- 
nomique rend possible 

a) L'économie du travail individuel. 

b) L'égalisation des individus et de la 
communauté du travail dans la distri- 
bution des résultats en dépendance de 
l'effêt du travail individuel et col- 
LéCtisE, 

2. Par rapport aux intérêts macroéconom- 
iques, les intérêts spécifiques de l'entre- 
prise se manifestent dans les faits que 

a) La prestation du travail social dans 
les différentes branches de 1a pro- 
duction n'est pas appropriée de la 
même manière du point de vue des 
besoins socials. 

b) Les procès de reproduction dans le 
cadre des entreprises individuelles 
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ne se réalisent pas sous les mèmes 
conditions naturelles et techniques. 

c) Les possibilités subjectives des com- 

munautés du travail des entreprises 
ne sont pas les mêmes non plus. 

Les conséquences de toutes les diffé- 
rences énumérées se manifestent sous forme 
de différence entre le travail prêté dans 
la production et le travail socialement 
reconnu dans le produit. À cause de cela 
apparaissent les différences dans la quali 
té économique des résultats, d'un côté 
entre les différentes mésoéconomies et 
d'autre côté entre la mésoéconomie et la 
macroéconomie. 

L'unité économique de l'entreprise, 
délimitée de cette façon des microéconomie: 
des membres de la communauté du travail et 
de la macroéconomie, représente une struc- 
ture économique sui generis — la mésoéco- 
nomie — entre les structures macro et 
micro, qui relie ces structures et établie 
les relations entre leurs phénomènes éco- 
nomiques respectifs. L'homme comme homo 
oeconomicus, qui par son comportement éco- 
nomique individuel et par ses microdéci- 
sions établi des relations économiques 
individuelles, ne conditionne que partiel- 
lement le comportement de la macroéconomie: 
puisque par l'intégration de tous les 
modes d'action des microéconomies on 
n'obtient pas le mode d'action de la macro: 
économie, de même que par le procédé 
inverse on ne derive pas les microconcepts 
des macroconcepts. L'entreprise comme 
structure intermédiaire fournit la base 
pour chercher la solution du problème de 
la liaison entre la structure macroécono- 
mique et microéconomique, puisque l'entre- 
prise avec ces intérêts délimités mais 
aussi concordants aux intérêts de ia macro 


l'économie et des microéconomies fonctionne 
dans le procès de la reproduction comme 
sous-système de la macroéconomie et sys- 


donné que la mésoéconomie, 


réalisation des buts. 
de la réalisation des buts, 


tème d'ordre supérieur par rapport aux 
microéconomies. 


| Les principles de l’organisation de la structure mésoéconomique 


| Principes. et causalité 

Etant donné que la structure mésoéconomique 
est un système d'organisation, son organi- 
sation et son fonctionnement ne sont pas 


déterminés uniquement par les lois de 


causalité, mais aussi par ses buts. En ce 


sens, elle s'organise et fonctionne en 
satisfaisant les principes d'organisation 
correspondants. Ces principes sont toujours 
aussi des principes économiques, étant 
en tant que 
 sous-système de la so rconbmie, est un 
système économique A 

La satisfäction des principes assure la 
Néanmoins, le procès 
en conformité 
avec les principes, se déroule selon les 


lois de causalité et conduit à la dynami- 
sation du système, justement à cause de sa 
conformité avec les principes, Cependant 
l'organisation du système qui, dans son 
fonctionnement, ne se conformerait pas aux 
principes conduirait à l'entropie et à la 
désorganisation du système précisément à 
la base des lois de causalité. 

Cette relation entre les principes, 
comme demandes de finalité, et les lois de 
causalité donne aux principes un caractère 
régulateur par rapport aux phénomènes de 
la mésoéconomie et rend possible l'étab- 
lissement du mécanisme de l'accouplement 
rétroactif entre ces phénomènes. 


Les principes de l’organisation du travail collectif 

La supposition de l'existence de l'entre- 
prise en tant que structure mésoéconomique 
est l'intégration des travaux économiques 
des individus dans le travail collectif de 
l'entreprise et par 1à de leurs microéco- 
nomies dans 1a mésoéconomie. Tous les 
travaux individuels sont complémentaires 
dans le travail global du collectif. 
L'unité nécessaire d'action est obtenue 
par la satisfaction du principe fondament- 
al de l'organisation du travail collectif 
dans la mésoéconomie: réaliser les objec- 
tifs de la mésoéconomie avec un minimum de 
prestation du travail collectif et le 
maximum d'intérêt de chaque membre de 1a 


communauté pour la réalisation de ces 
objectifs. 

Ce principe est défini par ses quatre 

sousprincipes: 

1. Le principe de la structure optimale 
de la communauté du travail POUE la 
réalisation du but. 

2..Le principe de l'unité du but. 

Le principe de l'unité des intérêts 
contraires dans la réalisation du but. 
Le principe de l'assurance de l'initi- 
ative des individus, motivée par les 
intérêts des microéconomies, dans la 
réalisation des intérêts mésoécono- 
miques. 


Les principes du fonctionnement de la mésoéconomie 
L'entreprise comme structure mésoécono- 
mique, afin qu'elle puisse subsister et 
fonctionner dans le procès de la reproduc- 
tion sociale, se soumet au principe éco- 
nomique fondamental de la reproduction: 
réaliser des effets maximums avec des 
investissements minimums. 

En dépendance du concept de l'effet et 


du celui de l'investissement, ce principe 
se présente sous la forme de trois sous- 
principes du fonctionnement de la mésoéco- 
nomie, notamment : 

1. Le principe de la productivité, c'est- 
à-dire le principe de l'emploi écono- 
miquement optimal de la main-d'oeuvre, 
par lequel on exprime la demande: 
réaliser les effets de production 
maximums avec le minimum de la pres- 
tation du travail vif. 

2. Le principe du rendement, c'est-à-dire 
le principe des consommations écono- 
miquement optimales de tous les élé- 
ments de la production, par lequel on 
exprime la demande: réaliser les 
valeurs maximales avec les dépenses 
minimales, 

3. Le principe de la rentabilité, c'est- 
à-dire le principe de l'emploi écono- 
miquement optimale du capital, par 
lequel on exprime la demande: réaliser 
le revenu maximal avec l'engagement 
minimal du capital. 


Les principes du developpement de la mésoéconomie 

Comme soussystème de la macroéconomie, la 
mésoéconomie assure la dynamique de son 
propre système et par cela aussi son 
développement moyennant l'adaptation aux 
changements des conditions de son environ- 
nement macroéconomique. La nécessité 
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d'adaptations constantes aux conditions 
sous lesquelles la mésoéconomie fonctionne, 
pour éviter la stagnation et assurer son 
développement dynamique, se manifeste sous 
la forme du principe du développement de 
la mésoéconomie, qui est contenu dans la 
demande: adapter constamment les formes 
d'organisation, les méthodes du travail et 
la force du travail productif à la dynam- 
ique des conditions afin que les buts de 
la mésoéconomie soient réalisés avec la 
réalisation maximale du principe écono- 
mique fondamental de la reproduction. 

Dans une telle formulation générale le 
principe du développement de la mésoécono- 
mie contient deux sousprincipes: 

1. De l'aspect de la relation de la méso- 
économie envers la macroéconomie 
comme système d'ordre supérieur: le 
principe du développement optimal des 
forces productives de la société, 
c'est-à-dire le principe de l'optimum 
au niveau de la macroéconomie. 

2. De l'aspect de la relation de la 
mésoéconomie envers ses soussystèmes 
organisationnels: le principe du 
résultat mésoéconomique maximal, 
c'est-à-dire le principe de l'optimum 
économique au niveau de l'unité du 
travail d'ordre supérieur. 


La base matérielle des décisions mésoéconomiques 


Le cercle stimulatif des effets reflexes des facteurs de la negentropie 
de la mésoéconomie 


La base économique de la dynamique de 
l'entreprise comme système d'organisation 
dans le procès de la reproduction sociale 
est 

1. L'organisation du procès du travail 

fondée sur la division du travail. 

2. D'où résulte le surplus du travail. 

3. Dont la distribution dans la repro- 

duction sociale élargie a pour consé- 
quence l'accroissement du composant 
organique du capital. 

1. Le sens de la division du travail 
dans la mésoéconomie se trouve justement 
dans la connexion causale entre le degré 
de la division du travail et la participa- 
tion du surplus du travail dans la valeur 
nouvelle, La division du travail a pour 
conséquence l'accroissement de la force 
productrice du travail. L'effet de l'aug- 
mentation de la productivité est dans la 
mésoéconomie concrète l'accroissement cor- 
respondant du surplus du travail, 

2. 11 est d'importance pour la mésoéco- 
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nomie si l'augmentation de la productivité, 
obtenue par un degré supérieur de la divi- 
sion du travail, apparaît 

a) comme accroissement par rapport au 

producteur moyen, ou 

b) comme accroissement chez le product- 

eur moyen. 

a) Dans la période de l'adoption succes- 
sive de la mesure d'organisation nouvelle, 
toutes les entreprises qui l'ont adoptée 
réalisent une augmentation de la producti- 
vité par rapport au producteur moyen. Dans 
l'échange de ses produits sur le marché 
l'entreprise réalise la réduction du temps 
individuel du travail au dessous de temps 
du travail socialement necessaire comme un 
effet positif que la mesure organisation- 
nelle accomplie a eu dans la mésoéconomie. 
Cet effet est un facteur stimulatif de la 
dynamique de la mésoéconomie. 

b) Lorsque le niveau supérieur de 
l'organisation s'étend à la majorité des 
entreprises d'une branche, le degré de la 
productivité du producteur moyen change. 
L'entreprise équilibre son économie au 
niveau de la productivité moyenne accrue. 
La différence antérieure entre le temps du 
travail socialement nécessaire et celui 
individuel disparaît et avec elle son 
effet positif dans la mésoéconomie qui 
agissait comme facteur dynamisant,. 

3. L'état statique dans lequel la méso- 
économie parvient par 1à disparaît avec la 
distribution du surplus du travail accumu- 
lé dans la période de sa dynamique. Les 
résultats de la distribution sont, réguli- 
èrement, de nouvels investissements, une 
nouvelle technique, un niveau supérieur de 
l'organisation avec un degré supérieur de 
la division du travail technique et 
sociale, Le cercle des effets mutuels 
entre le facteur humain et le facteur tech- 
nique par là est serré. 


La masse du revenu réalisé 
La quantité du résultat mésoéconomique que 
l'entreprise réalise par son fonctionnement 
dans le procès de la reproduction sociale 
se manifeste sous forme de revenu de 
l'entreprise. 
Le revenu est l'entrée dans le système 
mésoéconomique représentant l'équivalent 
et l'évaluation sociale de l'utilité des 
résultats du fonctionnement de l'entreprise 
dans le procès de la reproduction sociale. 
Cette entrée dans le système mésoécono- 
mique est un facteur potentiel de 1a dyna- 
mique du système. Dans quelle mesure elle 


le sera réellement, si elle agira dans la 
direction de l'accroissement de la negen- 
tropie ou de l'entropie du système, cela 
dépendra premièrement de la décision du 

_ soussystème directif quant au but de son 
utilisation, c'est-à-dire des relations 
qui seront établies dans la distribution 
du revenu. 

Dans ce sens se manifeste l'accouplement 
rétroactif entre la masse du revenu et la 
décision de la gestion: 

1. La masse du revenu par son volume 
même conditionne les relations dans 
la distribution. 

2. Les relations dans la distribution 
forment la basse matérielle du change- 
ment de la masse du revenu dans le 
cycle suivant. 

1. La masse du revenu réalisée (2) est 
distribuée par la décision de la gestion 
en 

a) Le fonds des revenus personnels (27). 

b) Le fonds de la consommation commune 
Ds 4 

c) Le ne de l'accumulation pour la 
reproduction élargie (Ds). 

La décision de la gestion sur la distri- 
bution du revenu, en dépendance de la poli- 
tique économique et des autres objectifs 
de la distribution, détermine les rapports 
parmi ces fonds moyennant les coéfficients 
4e (Ka » K 36» Ke) - Etant donné 

e 


K7 FKstkd = 
il est évident que la masse globale du 
revenu réalisé est le facteur limitant de 
la décision de la gestion sur les coeffi- 
cients de la distribution. 

2. Les rapports dans la distribution, 
déterminés par les grandeurs K37, Kjs, Kiss 
alternativement 

a) conditionnent la dynamique du système 

mésoéconomique si avec la quota D, ils 
rendent possible dans le cycle n de 
la reproduction l'augmentation de la 
masse globale du revenu en comparison 
avec le cycle de l'allocation des 
moyens D,, > D, et si avec le quota D, 
par la satisfaction des intérêts mic- 
roéconomiques, ils stimulent les 
porteurs du procès pour un engagement 
plus grand et pour les résultats plus 
grands, ou 

b) conditionnent l'entropie du système 

mésoéconomique en même temps dans le 
fonctionnement du système dans ses 
relations envers la macroéconomie et 
les microéconomies intégrées, ainsi 


que dans le fonctionnement de ses 
soussystèmes, ce qui est le cas si 
les quotas D, et D n'assurent pas la 
dynamique du système. 


La structure de la masse du revenu 

La masse du revenu réalisé est par sa 
quantité la déterminante de la qualité de 
la mésoéconomie. Néanmoins, dans sa struc- 
ture elle contient sa propre qualité éco- 
nomique, qui apparaît aussi comme détermi- 
nante de la qualité de la mésoéconomie et 
comme base des décisions mésoéconomiques, 

Le revenu de l'entreprise concrète dévie 
de la valeur LE _ou bien du revenu du 
producteur moyen D à Da ce qui signifie 
que D = D+ AD, Dans la grandeur AD sont 
contenues: 

1. Les déviations des prix des valeurs, 

2. Les déviations des consommations 
réelles dans l'entreprise concrète 
des consommations socialement recon- 
nues, c'est-à-dire des consommations 
du producteur social moyen. 

1. En dépendance de l'évaluation sociale 
de l'utilité de l'orientation d'affaires 
de l'entreprise (et cette évaluation appa- 
raît sur le marché sous forme des prix 
réalisés) l'entreprise réalise dans la 
grandeur A 

a) Les composants du revenu provenant de 
la différence entre les prix du marché 
moyens des produits et leurs valeurs 
(Deq ) et de la différence entre les 
prix de vente concrets et les prix du 
marché moyens des produits (d eq) « 

b) Les composants du revenu provenant de 
la différence entre les prix du marché 
des moyens de production et leurs 
valeurs (Demi) et de la différence 
entre les prix d'achat concrets et les 
prix du marché des moyens de product- 
ion (doré die 

2. La fait que les consommations des moy- 
ens de production dans l'entreprise con- 
crète devient des consommations objective- 
ment nécessaires du producteur moyen a pour 
conséquence que dans la grandeur AD appa- 
raissent aussi les composants du revenu 
réalisé par le producteur concret provenant 
des sources suivantes: 

a) De 1a différence dans le niveau 
d'organisation techniquement condi- 
tionné entre le producteur concret et 
le producteur moyen (D-). 

b) De la différence entre les consomma- 
tions réelles et les normatifs des 
consommations objectivement nécessai- 


31 


res des moyens de production dans 
l'entreprise concrète en dépendance 
de ses propres conditions techniques 
et organisationnelles (d,), qui dans 
le revenu apparaisse toujours comme 
une grandeur négative. 

c) De la différence entre les consomma- 
tions réelles et les consommations 
réglées des moyens de production dans 
l'unité du produit, causée par réduc- 
tion de la capacité d'utilisation, 
étant donné que les normatifs s'étab- 
lissent au niveau de l'utilisation 
complète de la capacité; toutes les 
dépenses fixes (74) et les dépenses 
relativement fixes (To) augmentent le 
prix du coût de l'unité du produit et 
de la façon correspondante réduisent 
la masse du revenu (d p). 

La structure de la masse réalisée du 

revenu est donc 


D'EUDE Da? dea * Demi * demi 


LD » dép 

La structure du revenu exposée, bien que 
très simplifiée puisqu'elle néglige les 
composants du revenu qui résultent de la 
vitesse de la circulation du capital, 
présente le concept de la structure de 
revenu en tant que qualité mésoéconomique 
et base des décisions mésoéconomiques. 

I1 est clair que les rapports dans la 
distribution de la masse globale de revenu 
s'etablissent en dépendance de 1a quantité 
et de la qualité de cette masse, de sa 
structure, c'est-à-dire de chaque compos- 
ant du revenu et de la source d'où il 
provient, si on désire de tels rapports 
dans la distribution (parmi les coeffici- 
ents K17, K3 et Kqs), qui assureront 
l'effet réflexe sur la masse du revenu, 
sur la dynamique du système et de ses 
soussystèmes et sur l'accroissement de 
leur negentropie respectivement. 


Les critériums des décisions mésoéconomiques 

La nature des décisions vitales du soussystème de gestion dans la 
mésoéconomie 

Les décisions du soussystème de gestion 
dans la structure mésoéconomique qui sont 
d'importance vitale pour le système méso- 
économique sont les décisions par lesquel- 
les on réalise les intérêts mésoéconomiques 
et en même temps on satisfait les intérêts 
que dans la mésoéconomie ont la macroéco- 
nomie comme système d'ordre supérieur et 
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les microéconomies comme soussystèmes de 
la mésoéconomie. Ce sont, grosso modo, les.| 
décisions sur les résultats du travail par 
lesquelles on établit les rapports dans là! 
distribution du résultat obtenu et les | 
proportions parmi les coefficients Xg7, « 
Dj et Kjs. Les décisions sur les procès 
du travail sont de caractère secondaire 
dans le sens qu'elles établissent les con 
ditions des décisions sur les résultats du 
travail ou bien elles précisent leur 
réalisation. 

Les décisions vitales du soussystème de 
gestion dans la structure mésoéconomique 
seront-elles facteurs de dynamique ou fac= 
teurs d'entropie de la mésoéconomie, cela 
dépend en premier lieu de conditions suiv=… 
antes: 

1. Les décisions établissent ou non un . 
accouplement reflexe entre les inté- 
rêts macro- méso - micro économiques 
avec l'effet dynamique progressif. 

2. Les décisions donnent ou non 1a pos- … 
sibilité d'établir un mécanisme d'ac- 
couplement reflexe entre les princi- 
pes comme demandes de finalité et les 
lois de causalité d'après lesquelles 
coulent les procès de transformations. 
des entrées dans le système en sorties 
du système. 

Les critères de la validité des décisions 
mésoéconomiques sont dans ce sens liés aux 
principes de l'organisation de la mésoéco- 
nomie. 


Le critère lié au principe de l'organisation du travail collectif 

Les microéconomies sont stimulées à satis- 
faire le principe de l'organisation du 
travail collectif par le coefficient K 
dans la distribution du revenu réalisé. Si 
la distribution est effectuée selon le 
principe du travail accompli, alors il est 


Ka F rt, D3, P) 


où D7, est le montant envisagé des gains à 
la base d'un standard de vie déterminé, et 
P est la productivité réalisée. S'ilest 
D72 = Ky]*+D ét si la produétrtiteenssr 
définie comme P = Q/L, où Q est le volume 
réalisé de production et L le travail 
prêté, de façon que la production est ex- 
primée par le temps du travail standard L, 
resp. dans l'unité du produit L,,, dans 
quel cas la productivité sera dans la 
période de base R, = Q +L,,/L = L/L, et 
dans la période n P,, = LIÉLG + K)/ (+ kp)] 
où Kq est le coefficient du changement du 


volume de production et X7 le coefficient 

du changement du travail accompli, optimal 
Kjj, comme critère de la décision mésoéco- 
nomique optimale qui aura un effet reflexe 
_ dynamisant sur la masse du revenu Dyesera 


NES 


Le critère lié aux principes du fonctionnement de la mésoéconomie 
Les décisions vitales du soussystème méso- 
économique de gestion, basées sur la néces- 
sité de satisfaire les principes du fonc- 
tionnement de la mésoéconomie, ont les 
critères liés à 
1. La quantité du résultat de fonction- 
nement de l'entreprise dans procès de 
la reproduction sociale. 
2. La qualité économique de ce résultat. 
1. La quantité du résultat mésoéconomique 
se manifeste dans le revenu et dans sa 
structure. 
Pourque les critères de la décision par 
laquelle on établit les rapports dans la 


distribution puissent satisfaire les 
principes du fonctionnement de la mésoéco- 
nomie et agir en stimulants à la satisfac- 
tion de ces principes, ils doivent être en 
dépendence fonctionnelle des sources des 
divers composants du résultat: 


K 7 G CD, dea* cp Cp dép) 
KA = f(D, DE) 


Ka = FD, D D 


eq? cmê) 


2. La qualité du résultat mésoéconomique 
se manifeste dans la relation entre la 
sortie du système et l'entrée dans lesys- 
tème, c'est-à-dire dans le degré de satis- 
faction des principes du fontionnement de 
la mésoéconomie: 

a) productivité (P), 

b) rendement économique (ES, ‘et 

c) rentabilité (À). 

Pour que les critères de la décision par 
laquelle on établit les rapports dans la 
distribution, puissent satisfaire les 
principes du fonctionnement de la mésoéco- 
nomie, ils doivent stimuler à l'obtention 
de la qualité maximale possible du succès 
global d'affaires dans le fonctionnement 
de l'entreprise dans le procès de la repro- 
duction sociale 
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Le modelage des critères de la décision 
de la gestion par laquelle on établit les 
rapports dans la distribution dans le sens 
de la satisfaction des principes de fonci- 
onnement de la mésoéconomie est condition- 
né par la méthode et la technique de la 
quantification de la qualité économique du 
succès global. 

a) La productivité dans la période base 
est P, = L/(L+1),.c'est-à-dire 
PACE br): où L est la consommation 
de la main-d'oeuvre audessus des consomma- 
tions standards, conditionnée par tous les 
facteurs de déviation de l'organisation 
optimale comme facteurs de l'entropie du- 
système. Dans la période n il est 
Ps = 04% )/G+2Zr+1r), où Ly est le 
changement des consommations standards de 
la main-d'oeuvre à la base du changement 
de la force productrice du travail (AL/L). 

b) Le rendement économique est dans la 
période base E,, = T/(T+£), c'est-à-dire 
E, = 1/(1+tm), où T est le prix du coût 
objectivement conditionné du volume de 
production Q à la base des consommations 
standards de tous les éléments de product- 
ion, calculés selon les prix moyens du 
marché, et £ est le changement des dépenses 
dû à l'augmentation des consommations des 
éléments de production et aux déviations 
des prix d'achat des éléments de production 
par rapport aux prix moyens du marché. Si 
les dépenses sont exprimées en équivalents 
des consommations de la main-d'oeuvre 
Lx = T/T7, où T7 est la dépense du travail, 
dans la période nr on aura 
E, = (+Kk)/Q+Lit+ Ines). 

c) La rentabilité dans la période base 
este D/S, où S est la somme moyenne du 
capital engagé 


n 
S = >» S3 ° h;:/Ae 
T=1 


dans la phase technologique du cycle de la 
reproduction A. Si suite à la relation 
qui tient entre le capital engagé et les 
dépenses S/T on détermine le coefficient 
de l'engagement du capital 8, oUrLLeST 
B = S/T, et par le même on exprime la 
rentabilité, et pour la période base on 
prend le modèle de rentabilité où on a 
D = T, alors dans la période n il-sera 
Rh = (1+K7)/8 +AB+Y, K étant le coeffi- 
cient du changement du revenu, y le coef- 
ficient du capital organisationnellement 
conditioné, et AB = S/T[(1+ K)/Q+K,)-11. 
Dans l'application des principes du 
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fonctionnement de la mésoéconomie toutes 
les décisions secondaires auront pour 
critère max X, et max Ky avec min Ly, 

min Zyz min/y, min L,, et en maintenant le 
coefficient B, resp. tous les temps dont 
la vitesse de la circulation des moyens 
dépend, au niveau de la durée nécessaire, 


Le critère lié au principe du développement de la mésoéconomie 

Le développement optimal de la mésoécono- 
mie, fondé sur le développement optimal 
des forces productrices, sera obtenu par 
la décision mésoéconomique sur les place- 
ments des moyens dans la reproduction /D./ 
qui, en assurant le principe du fonction- 
nement de la mésoéconomie, assurera le 
taux maximum de l'accroissement du revenu 
/D77/ avec le taux maximum de l'accroisse- 
ment de la rentabilite /Ryl: 


SA 
© 
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et où X, représente le coefficient de 
l'accroissement de la somme moyenne du 
capital engagé. 


L'insuffisance des critères économiques 

Les critères économique des décisions de 
gestion par lesquels on assure l'accouple- 
ment reflexe entre les intérêts économi- 
ques macro, méso et micro et par 1à le 
fonctionnement et le développement du sys- 
tème mésoéconomique ne peuvent pas établir 
l'automatisme de ce fonctionnement; c'est 
pourquoi une induction constante du procès 
vers la réalisation des objectifs se rend 
nécessaire par les interventions corres- 
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pondantes des décisions de gestion qui 
sortent du domaine des phénomènes écono- 
miques, Cela est dû au fait que l'entre- 
prise contemporaine comme structure mÉso- 
économique n'est pas uniquement un sous- 
système de la macroéconomie mais aussi 
soussystème de la structure sociale totale. 
Dans ce sens elle ne peut pas être renfer- 
mée dans le château d'ivoire de lois 
exclusivement économiques, établies par la 
pensée déductive. L'homme consommateur et 
producteur, sur les réactions économiques 
duquel la mésoéconomie se base et s'édifie, 
n'est pas exclusivement homo oeconomicus, 
motivé uniquement par son intérêt person- 
nel, dont les actes sont exclusivement 
rationels, La conception hédonistique des 
réactions individuelles n'est pas suffi- 
sante pour expliquer le caractère social 
de ces réactions. Les réactions individu- 
elles ne peuvent pas être séparées de leur 
milieu social, de la structure sociale et 
de ses institutions, tandis que les struc- 
tures sociales sont sujettes à la dynam- 
ique dialectique de la société dans la- 
quelle, en passant d'un système à l'autre, 
les lois de l'économie de l'entreprise 
changent aussi, L'accroissement des forces 
productrices sociales et la substitution 
révolutionnaire des structures sociales 
fournissent la base technique et sociale 
pour la revalorisation du travail humain 
et pour sa liberation de son caractère de 
contrainte, Autant qu'on peut prévoir 
l'évolution de la technique industrielle, 


cette dernière promet de plus en plus la 
base technique pour la réalisation du 
‘royaume de la liberté! où la majorité des 
hommes trouvera l'expression polivalente 
de leur personnalité de plus dans les 
activités de leur loisir que dans le trav- 
ail producteur même, Dans une telle évolu- 
tion l'entreprise, en tant que société en 
miniature, gagne un rôle de plus en plus 
important dans le domaine de la super- 
structure sociale et en partant de la méso- 
économie se transorganise dans la meso- 
structure sociale, soussystème de la 
structure sociale globale. 


From economic organisation to economic 


organism 
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_ We are slowly becoming aware that the eco- 
nomic entities which make up the life of a 
community are not merely mechanistic 
organisations, but have something of the 
quality of a living organism. In this res- 
pect one can refer to the writing of 
Cannon [1], Paterson [2] and Gianessi [3] 
and McCaul [4], to name but a few of the 
persons who have begun to recognise this 
aspect. Cannon's work, in particular, is 
of interest because it recognises this 
phenomenon in the early 30's, Within the 
scope of this concept, we are also made 
increasingly aware of the fact that human 
beings are not only motivated by economic 
considerations in their work, but are also 
motivated by other objectives. This is 
very clearly brought out by the work star- 
ted by Elton Mayo and formed the basis of 
his Human Relations School at the Harvard 
Graduate School of Business Administration. 
This particular aspect has, as we see, 
been apparent for some fifty years. We are, 
however, driven to a greater realisation 
that we must recognise this particular 
phenomenon in relation to the economic 
entity. Alvin Toffler in his book ‘Future 
Shock! draws attention to the things that 
happen to people when they are overwhelmed 
by change. If we do not wish to become 
overwhelmed by change, we must adapt our- 
selves to the changing situation. The 
demands upon each economic entity in a 
world which is becoming more and more attu- 
ned to great diversity, forces upon us the 
need to adapt fast. In addition, the 
developing technology which creates new 
Ways of thinking, and impinges upon our 
own confidence in our own ability to cope 
With the situation, implies that we must 
be able to organise our economic entities 
to be able to respond to such situations. 
It is clear that, in the same way that we 
have created enormous problems through our 
technological development, such as the 
computer and space travel, just so we have 
also created for ourselves enormous prob- 


lems in influencing the patters of behavi- 
our of people through the use of psycho- 
sociological techniques in developing the 
concepts of marketing. As always, we can- 
not question at this point, the advisabi- 
lity or rectitude of anything that man 
seems to do in the process of living. We 
must adapt ourselves to it, and, should it 
indicate that the course then followed is 
undesirable, man must seek to alter it 
according to the best concepts of seeking 
to maintaiïin equilibrium by feedback. 

Even now we become aware of the revolt 
against standardisation. Man feels that 
his freedom of choice is being taken away 
from him by the ever incessant demand that 
standardisation and limiting of choice 
brings economies which are of significant 
value in the general standard of living 
structure. However, an understanding of 
the cost behaviour within the organisations 
which produces goods and services is slowly 
beginning to bring this concept into some 
doubt. The very fact that increase in size 
and the desire for standardisation creates 
in itself problems of communication and 
control which so far have not been succes- 
sfully solved, causes increases in cost 
structure, which ïinevitably, must be passed 
on to the final consumer. 

Within a world of this sort, we seek 
therefore, another kind of organisation 
rather than the rigid staff and line con- 
cept of military discipline. Even the 
development of the Human Relations Concept 
has not supplied the answer. Management by 
Objectives must identify "whose objectives". 
(Harvard Business Review, May 1971.) 


Organisation and organism 

It may be difficult to clarify the differ- 
ence between these two concepts. One can 
seek meanings for these words. The concise 
Oxford English Dictionary gives the follow- 
ing: ‘Organisation: the way in which a 
living being is organised; the structure 
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of an organised body'. 'Organism: an organ- 
ised body consisting of mutually connected 
and dependent parts constituted to share a 
common life. 

From these two concise definitions, we 
can create a differentiation between the 
two words. We suggest that the organisation 
is a structural concept which shows the 
disposition of the various parts that may 
be needed to make up some entity. The con- 
cept is regarded as being static in that 
we only show the disposition of the parts 
and not their inter-action. On the other 
hand, when we think of organism, we con- 
ceive of a dynamic aspect, in which the 
organised parts inter-act, one with 
another. They seek to do this to achieve 
some common purpose. In the case of the 
human organism, Cannon in "The Wisdom of 
the Body', has described this common pur- 
pose as that of survival of the entity or 
organism. 

One may thus regard the economic entity 
as an organism in that it is also compri- 
sed of a structured disposition of parts 
which must act dynamically if it wishes to 
survive within the economic community in 
which it exists, McCaul [4]. 

In seeking thus to bring this concept to 
an operating or dynamic reality, it is 
suggested that the conventional organisa- 
tion structure of the economic entity must 
be carefully reconsidered,. Certain funda- 
mentals must be clarified in order to pro- 
ject this concept. 

The economic entity exists as a single 
concept. It is created by the concerted 
action of many different individuals; it 
must survive, once created, or cease to 
exist. Its survival is conditioned by 
achieving the objective for which it has 
been created. In the case of an economic 
entity, we regard this as making a profit 
from providing goods or services as utili- 
ties to the society in which it exists. It 
must act as an entity and the constituent 
parts within it, must work in concert to 
achieve the continued condition of survi- 
val through maintaining an equilibrium in 
its relationship with the outside world as 
well as an equilibrium within its own 
internal environment. 

Even though the economic activity is 
regarded as a single unit, we cannot 
escape the fact that it is comprised of a 
number of parts. Some of these parts are 
inanimate, such as the so-called operation- 
al fixed assets, whereas others are ani- 
mate, in that they are human beïings. The 
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inanimate parts do not of themselves 
achieve the ends of the economic activity; 
they are tools and artifacts which are 

used by man to achieve the end for which 
the economic activity has been set up. One 
finds a certain similarity between the 
operational fixed assets in the economic 
organisation and the limbs of the human 
organism. The limbs carry out actions 
directed by the human beings in carrying 

on the process of applying himself to earn- 
ing a living or enjoying himself. The other 
parts, such as the heart, the lungs, the 
glandular system and the nervous system 

all maintain the human organism in the 
functioning state, able to deal with the 
various random events which it encounters 
in its internal and external environment, 
We seek therefore, to set up the directing. 
and controlling functions in the economic 
entity so that they will function in much 
the same way as those which help the human 
organism to maïintain equilibrium and thus 
to survive. If we succeed in identifying 
and implementing such a concept, we will 
turn the economic organisation into an 
economic organism which will be able to 
cope more effectively with the increasing 
tempo of the random events brought about 
by our evolving world. 


The major functions and their interdependence 

The economic entity is a dynamic concept. 
We have thus called it an "Economic Activi- 
ty'. An Economic Activity survives by 
rewarding the constituent parts that 
contribute towards making it up into the 
entity. The entity consists essentially of 
an organising function which sets up a 
series of processes which can change the 
state of some material input to yield an 
output product which has enchanced utility. 
We can see this clearly if we watch a 
particular machine working in the factory. 
It is fed with some kind of raw material 
input which it then processes so that its 
state is changed, either in form, composi- \ 
tion or shape. On the surface, we see the 
simple act of change of state taking place 
in front. of our eyes. However, there is a 
complicated organisation behind the simple 
process we observe, comprised of a number 
of planning, directing and controlling 
functions. We can see the same thing in 

the human organism; the simple act of walk- 
ing is carried out by the limbs. But behind 
this action there is also a whole series 

of functions which are not visible to the 


eye, but which are essential if we are to 
be able to carry out this simple act. 
The economic activity, as a functioning 

unit, is comprised of a collection of 
. specialised artifacts which we can call 
its Operational Fixed Assets,. They are, 
however, only static to be compared with 
the hammer or the spear that man uses to 
augment his own puny muscular skill,. To 
bring these static assets to a dynamic 
state we must add personnel. We can, 
therefore, say that the process consists 
of a combination of men and machines, It 
. is also clear that the human organism is 
maintained in a state of readiness for 
action. The food we eat and the medical 


attention to our health ensures that this 
is achieved in so far as we allow it to 
happen. In the same way, the men and 
machines of the economic activity must be 
maintained. 

Action by man, or by machine, can be 
| aimless or it can be full of purpose. It 
is necessdäry to plan and to co-ordinate 
the action so that it has purpose if the 
application of the process is to have eco- 
 nomic meaning. Furthermore, the process 
has no meaning unless it is applied to 
some material input. When we walk we are 
walking to a certain place or for a cer- 
tain purpose, such as exercise. If we 
apply the processes of the economic activi- 
ty, they must be applied to a Material In- 
put. The planning function must ensure 
that this happens. 

The output products from an economic 
activity are not consumed only by the per- 
sons who are the constituent parts of the 
economic activity; they are usually 
specialised groups or types of products 
and are intended for consumption by the 
community at large. In order to bring them 
into the hands of the community a further 
function is needed, namely, that they be 
distributed to the outside world. This 
involves bringing about a change of owner- 
ship so that the output products are sold. 
Finally, the economic entity has a rela- 
tionship with the external environment as 
well as with its own internal environment; 
which is expressed through the financial 
connotations, Goods and services are pur- 
chased to carry on the activity; they must 
be paid for. These output products are 
sold to people who must in turn pay for 
the goods they have bought. These relation- 
ships concern the financial aspect and the 
external environment. In the internal 
environment, on the other hand, there must 


be a satisfactory relationship between the 
costs of the various inputs and the prices 
realised for the output products. This 
comparison is essential if the economic 
activity is to survive. In many cases the 
exchange price is decided before the goods 
are produced; precalculation of cost and 
determination of exchange price ‘is thus 
essential. 

Each economic activity expresses a cer- 
tain specialisation. The specialisation is 
usually some technological skill. These 
technological skills in our modern economy 
are in many cases projections of the old 
craft skills of the early history of man. 
The shoe factory is the projection of the 
shoemakers craft; the iron and steel in- 
dustry is the projection of the ironmakers 
craft. We therefore find that an essential 
part of the economic activity is a func- 
tion, which expresses the special techno- 
logical skill required to process the 
material input to create the specific out- 
put products, 

The functions set out above can be 
clearly identified in any economic activi- 
ty. The organising function, often called 
the entrepreneurial function, is clearly 
evident in the Chief Executive of the 
business, In his function he brings inno- 
vation which directs the course which the 
activity should follow. He selects the 
particular technology which the economic 
activity applies as a process. Thus, one 
of the first major functions in the 
organisation is the technological function. 
It brings in the special skills which have, 
in all probability, been acquired outside 
the activity, through a specialised train- 
ing course at a university or technical 
school. The technology needs machines 
which must be kept in working condition. 
It needs a supply of human effort to make 
the machines into a dynamic functioning 
process. This leads us then to two func- 
tions which can be described as functions 
to maintaiïin the activity in a state ready 
to operate at a moment's notice. The func- 
tions are the maintenance function applied 
to the operational fixed assets and the 
maintenance function applied to the human 
or personnel aspect. In the first case a 
Plant Maintenance Engineer is responsible 
and in the second case a Personnel Manager. 

The technology functions within the 
internal environment of the economic acti- 
vity; the disposal of the output products, 
which brings about a change of ownership, 
functions in the external environment of 
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the outside world, These two distinct 
functions must also be controlled and 
directed. The functioning of the processes 
in the internal environment must be moti- 
vated and directed by a planning function, 
The planning function includes every 
aspect of the functioning of the activity 
in its internal environment. The person 
carrying out this function can be called 
the Corporate Planning Manager. Change of 
ownership is a marketing function so that 
the function of bringing about the sale 
and distribution of the output products is 
undertaken by a Marketing Manager. 

The relationship of the entity to both 
the external and the internal environment, 
relies upon the flow of money through the 
organisation. This flow of money has often 
been compared with the flow of blood 
through the human organism. The function 
is thus essential and is usually expressed 
in the position described as Financial 
Manager. 

We can thus summarise the functional 
organisation at this level by setting out 
the posts which direct and control each of 
these aspects. 

- Technological Function by Technical 

Managers. 

- The Maintenance Function by the Plant 
Engineer for Operational Fixed Assets 
and the Personnel Manager for the 
human services required, 

- Planning and Control of internal envi- 
ronment by Corporate Planning Manager 
and the Planning and Control of the 
relationship of the firm to the exter- 
nal environment by the Marketing 
Manager. 

- The Planning and Control of the Finan- 
cial Relationships of the entity, both 
for its internal environment and to 
the external environment by the Finan- 
cial Manager. 


The interdependence of the functions 

Each of these functions must be able to 
operate independently in carrying out its 
special task but must also be completely 
integrated with the main objectives of the 
economic activity. None of them are able 
to function in its particular area without 
depending on the others. The technical 
function cannot operate unless it has 
goods to make. It cannot do this without 
either a material input or instructions as 
to what to make. This comes from the plan- 
ning function. The planning function, 
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however, cannot decide what must be made 
without a connection with the external 
environment. It must receive its orders 
from the Marketing Function. The Marketing 
Function, in turn, receives its orders 
from the ultimate consumer, i.e. the 
customers to whom it sells the products. 
The processes of technology and of market-b 
ing cannot function without human beïings; 
they must rely upon the Personnel Manager 
to provide human beings of a suitable 
calibre and ability to fill the various 
tasks in these functions. The technologi-, 
cal function cannot operate if its plant 
and equipment is not in good working order 
they rely on the maintenance function of 
the Plant Engineer to carry out this func- 
tion. 

A11 these functions, depending as they 
do on human relationships, can only be 
carried out if the people concerned in the 
functions are rewarded for their services 
at suitable intervals; they thus rely on 
the function of the Financial Manager to 
ensure that this is done. The payment of 
creditors and the control of the receipts 
of money from debtors for goods sold to 
them are also essential if the organisa- 
tion is to continue to survive; this is 
once more a function of the Financial 
Manager. 

It is suggested that the inter-dependence 
of these various functions must be so 
developed that they are able individually 
each to carry out its own special function; 
it then complements the other functions in 
the fulfilment of the objective of the 
activity. 

In its abstract form this objective has 
been described as survival through making 
a profit. In its practical form it concerns 
usually the following basic sequence of 
events. The marketing function generates 
an order for the output products. This 
order passes through the planning function, 
where it is analysed and combined with 
orders for similar products, resulting in 
an instruction to the technological func- 
tion. The technological function will make 
the goods according to its technology and 
specifications, passing them on to the 
warehouse as part of the marketing and 
distribution function. The goods will be 
sent to the customer and the charge raised 
against him by way of an invoice. The 
money due from the customer is MOARELET 
collected by financial function. 

Functions like the maintenance of plant 
and equipment and for personnel as well as 


the relationship of the Financial Manager 
to the internal environment are service 
functions. The financial function, by 
ensuring that the workers are paid regu- 
larly, engenders their regular attendance. 


By relating costs of output products to 


the prices which can be realised, it 
strives to realise the surplus that leads 
to the profit so essential for survival. 
The maintenance and renewal of the pro- 
duction factors of men and machines is 
carried out by the Maintenance Engineer 
and by the Personnel Manager, so that the 
processes are always available to the 
technological function, ready to operate 
at full tempo. 

It can well be seen that within such a 
functional organisation it is essential 
that a number of ancillary aspects must 
be realised. There must be clear under- 
standing of not only the major objectives 
of the entity but also of its particular 


. customs and policies, If it operates in a 


particular market where it supplies high 
quality goods it has the custom of high 
quality production with the necessary 
inspection control to ensure maintenance 
of these standards. The disciplines exer- 
cised by the technological function over 
the workers ensures that these high quali- 
ty standards are maintained at the produc- 
tion point. If it is the policy of the 
firm to give first class service by meet- 
ing the delivery dates to its customers 
this must be known to all of the individu- 
als exercising the functions described 
above, In order to achieve such standards 
in relation to policies and the customs of 
the entity, the persons responsible for 
the exercise of the function must be able 
to intepret them in terms of action by the 
function under his control to achieve 
these special objectives. Each person must 
know independently and they must know as a 
group, how to achieve these objectives. 
They must be so well known to the indivi- 
duals that they are able to act independ- 
ently of one another, each in his own 
sphere of activity towards realising the 
ultimate objective demanded by one of the 
customers, If we take, as a simple example, 
the concept of delivery of orders on the 
stated time, we find that each function 
must exercise its own influence on this 
aspect. When an order is taken the sales- 
man under the control of the marketing 
function must adhere to the stated delivery 
time, given to him by the planning func- 
tion. He must therefore persuade the cus- 


tomer to accept it and not undertake to do 
something outside this stated time without 
due consultation with the planning func- 
tion, The movement of the order through to 
the planning function must proceed with 
speed so that time is not lost in prepar- 
ing it for processing. The planning func- 
tion must ensure that materials are avail- 
able in time to meet the delivery date and 
that the instruction is given to the 
technical function. The technical function 
adheres to the plan set up by the planning 
function and does not adopt its own plan 
because it might lead to an easier techni- 
cal result. Problems and delays which can 
arise due to failure to meet delivery time 
must be communicated backwards to the 
planning function and through to the cus- 
tomer. The articles must pass through the 
warehousing and despatch with the same 
speed so that they eventually come into 
the hands of the customer on the stated 
time. Thus it can be seen that if the 
objective of delivery on time is clearly 
enunciated and is in the consciousness of 
each of the functions as set out above, it 
has a better chance of achievement by the 
independent action of the individuals 
under the control of each of the function- 
al heads than if the part to be played by 
each one has not been clearly established, 


Communication 

It is evident that the achievement of this 
objective is only possible if there is a 
sound system of communication between the 
various functions. The question can be 
raised as to what authority ensures that 
each function will exercise its appropri- 
ate part. In describing the flow of the 
order from the customer through the pro- 
cesses eventually to come into the hands 
of the customer as goods, we feel that the 
line of authority is clear; the authority 
is the wish of the customer and the desire 
on the part of the firm to achieve its own 
objective of survival and profit-making by 
satisfying this wish. The identification 
and communication of these concepts can 
only be brought about by frequent dialogue 
between the persons representing the major 
functions. Both example and precept are 
necessary to ensure the development of 
full understanding between the individuals 
concerned. The severe test of the effecti- 
veness in bringing about such a condition 
is indicated if one of the individuals, in 
charge of a function, leaves the organisa- 
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tion and he is replaced by another. The 
newcomer should be able to assimilate the 
customs and policies of the organisation 
through association with the remaïining 
functional managers. It is possible to 
commit to writing the procedures attendant 
upon all these things, but it is not pos- 
sible to commit to writing the culture, 
represented by the customs and policies 
which we have mentioned; they must be 
assimilated by each new entrant. 


Conventional patterns of organisation 

One may ask how the functional organisa- 
tion differs from currently accepted pat- 
terns. We can illustrate this by using 
extremes if we wish. One method involves 
complete dependence upon the Chief Execu- 
tive. Practically all decisions are made 
by him and the persons in the functions 
below merely ensure that his decisions are 
implemented. The other extreme exists 
where each individual in his function 
regards himself as the sole arbiter of 
what he should do and directs his efforts 
towards satisfying his own objectives. 
These may be to build a little empire of 
his own to ensure a maximum reward and his 
continuous occupancy of the post by exclu- 
ding any other individual from participa- 
tion or learning in it. We all know of the 
influence of the Chief Executive on the 
whole organisation. He is responsible for 
creating ‘its image'. However, when we do 
contemplate a human organism in which 
delegation has not been carried out 
through the process of evolution we would 
find a very awkward situation if the vari- 
ous functional parts fail to respond auto- 
matically when a particular circumstance 
arose that demanded concerted action. It 
is of course not always the fault of the 
Chief Executive or the Senior Executive 
that he is forced to take over all the 
decision making. Persons at lower levels 
of authority often seek to avoid assuming 
the responsibility of decision-making. Is 
this not then a fault in the manner in 
which the organisational structure has 
been conceived? Do the Chief Executive 
Officer and the Senior Executives not bear 
the blame for allowing this situation to 
arise? One would therefore offer the sug- 
gestion, that if the concept of the func- 
tional organisation were fully understood, 
the Chief Executive and the Senior Execu- 
tives occupying the main functional 
managerial positions would ensure that 
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they themselves and their own junior exe- 
cutives understood completely the concept 
of functional organisation. 

We suggest that considerable research is 
necessary to develop the functional organi- 
sation concept and to move away from the 
two extremes mentioned above, The individu= 
al human organism starts life with very 
little experience; he gathers this experi- 
ence to himself as he goes through the 
process of living. He does it with greater 
or lesser facility depending upon his 
natural abilities. He can have knowledge 
imparted to him by the various processes 
of teaching and learning. The Technological 
Manager is a typical example of a person |: 
who has acquired specialised knowledge. 
However, both ability and knowledge have 
to be tempered by experience. We thus find 
that the human organism is able to concen-. 
trate in itself the combined result of 
experience, knowledge and ability. If we 
wish to bring about the same result in an 
organisation such as an economic activity 
we must endeavour to bring to a group of 
people the same kind of experience, know- 
ledge and ability that the individual can 
acquire. This task is much more difficult. 
It involves the people working together. 

We thus find that the functional organisa- 
tion presents a natural division into 
groups. 


The development of the group committee concept 

We have pointed out that the entity has an 
internal environment and a relationship to 
the external environment. This suggests 
two basic groups. The first we might call 
the technological group. It would consist 
of the Technical Managers, the Plant Main- 
tenance Engineer, the Corporate Planning 
Manager and the Personnel Manager. They, 
as a group, are concerned with the internal 
functioning of the entity, thus with its 
internal environment. On the other hand, 
the entity is related to the external 
environment through the marketing function 
and the financial control function. One 
would therefore see another group compris- 
ing a general management group formed from 
these two functions, However, there is an 
inter-dependence which must also be devel- 
oped. One therefore adds to this general 
management group the two functions of 
Corporate Planning and Personnel. The 
general management group is thus comprised 
of the Marketing Manager, the Financial 
Manager, the Corporate Planning Manager 


and the Personnel Manager. The latter two 
form thus the link between the two groups. 
The Chief Executive Officer is the chair- 
man of each group. From this basic pattern 
‘one can develop sub-committees to deal 
with various aspects as they arise. If the 
natural reserve that exists between human 
beings is broken down by the identifica- 
tion of all the common objectives and the 
customs and policies of the organisation, 
the individuals comprising these groups 
learn to communicate freely with one 
another. It then becomes evident that many 
problems can be solved and decisions 
reached by direct communication between 
any two people within this functional 


organisation. 


Learning and experience 

The purpose of the functional organisation 
concept is to bring about learning and 
experience in the economic organism as 
distinct from the learning and experience 
of the individuals who make it up. The 
concept of the group committees under the 
chairmanship of the Chief Executive is 
intended to achieve this purpose. The 
Chief Executive has direct communication 
with the persons who head up the major 
functions in the economic activities. The 
broadening of his line of communication to 
include more individuals than in the con- 
ventional patterns of organisation, is 
intended to achieve the common endeavour 
through expressions of the customs and 
Doliciestofnthe entity. The meetings of 
the two major groups described above with 
the connecting link of the Corporate Plan- 
ning Manager and the Personnel Manager, 
can be used to develop the joint learning 
and experience of the functional manage- 
ment group as a whole. From time to time 
the two committees can meet together as a 
group where the process of joint learning 
and experience can be consolidated,. 

The learning and experience is of course 
intended to create a situation where each 
individual, in carrying out his function, 
will make decisions and take action within 
the sphere of his responsibility, in such 
a way that his individual actions and 
decisions are in concert with those of 
other Functional Managers and with the 
common objective of the entity. We seek to 
achieve a similar position to that of the 
human organism. If an individual is stimu- 
lated by some outside random event to run 
fast, such as to catch a bus that is on 


the point of departure, the functional 
parts of his organism respond to the situ- 
ation independently, but in concert. The 
adrenalin glands will secrete adrenalin to 
supply the extra energy, the heart will 
beat faster to carry the energy to the 
muscles and the lungs will work harder to 
ensure that sufficient oxygen is provided, 
The decisions by these functional parts 
and organs is automatic and does not have 
to be motivated by conscious effort of the 
individual. Through evolution and experi- 
ence they have learnt to play their part 
in the particular circumstances. 

We seek, therefore, to achieve the same 
result with the economic organism. If we 
are able to succeed we can then say we 
have changed the organisation into an 
organism. 


The decision process 

The economic activity, in the course of 
its operation as an entity, is confronted 
daily with random events which seek to 
upset the equilibriums that have been 
established ïin it by its organisational 
structure and controls. Changes in prices 
of materials and service inputs and the 
prices of the competition for the output 
products, together with the ever-changing 
pattern of absenteeïism and replacement of 
personnel are but a few of the aspects 
that occur randomly. The functional manager 
is confronted with these events in his 
daily work. He must seek thus to offset 
them by action. Human beings must make 
decisions in human affairs and, following 
Paterson, we would use man as an example 
of a living organism, to illustrate the 
decision process. The eight stages between 
his being stimulated and his reacting are 
given below: 

1. Information (stimulus) is received 
through one or more of the senses. 

2. This information is analysed, broken 
down into its constituent parts, then 
synthesized and categorized so that 
it can be handled. 

3, As a result of this analysis-categor- 
ization, an assessment, or calculation 
is made as to whether the stimulus is 
above or below a threshold value — 
we might say that a problem had been 
established, 

4, Possible reactions and effects of 
such reactions are considered. 

5. À conclusion is reached that one or 
more possible reactions would be the 
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right thing or the good thing to do. 
(This distinction of right and good 
I shall deal with later.) 
A decision is made that a specific 
action will be taken, (Not to act may 
well be a decision.) 
Possible ways of carrying out the 
decision are analysed. 

8. À decision is made on the right way 

to act — leading to reaction. 

These eight steps can be summarised briefly 
as follows. We need information about an 
event, which can be processed in such a 
way that we can see whether a problem 
exists or not. After we have come to this 
conclusion and have appreciated some pos- 
sible courses of action, if a problem does 
exist we will decide on a course of action 
and make the decision to implement it. 

When the individual functional manager 
becomes aware of a particular event he is 
receiving information, which he must 
assess, i.e. process, It is necessary, 
however, to point out that any assessment 
of the effect of this event upon the enti- 
ty as a whole and any decisions made to 
correct any deviations must be conditioned 
by his experience, knowledge and ability 
which he has derived from the process of 
learning in the association with his col- 
leagues through the functional organisa- 
tion committees described above, To this 
he must add of course any special techni- 
cal knowledge which he has acquired as 
part of any specialised training outside 
the activity. The decision he may make 
could also be directly connected with 
another decision made by another member of 
the functional organisation team. The 
resignation of an operator doing a special 
process would become known to the Techni- 
cal Manager and to the Personnel Manager. 

The Technical Manager, to meet the situ- 
ation because of urgency, may decide to 
place a temporary operator from some other 
task on the job. The Personnel Manager may 
decide independently, but in concert, to 
find a new operator and train him as soon 
as possible, The Corporate Planning 
Manager, finding also through his produc- 
tion reporting system, that the production 
process has been held up, would decide 
whether he must take action and inform the 
customer that there will be a delay in 
delivery of his order. The three persons 
concerned may come together and debate 
their individual selected courses of 
action in order to bring about full under- 
standing that the courses selected are 
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correct or whether they should be modified 


before implementation. Such decisions and 
their implementation, may take place 
without having informed the Chief Execu- 
tive, 

There are countless events of this sort 
taking place within the average economic M 
activity every day. One can name many dif=# 
ferent kinds of information that flow 
through to the Functional Managers which 
generate such decisions to act. Space does 
not allow further development of these 
concepts here. 


The economic organism P 


The concept we present here seeks to 
create a dynamic organism from the struc- 
tured organisation of the economic entity. 
The complexities which have developed in 
relation to conducting a business demand a 
high degree of management in order to sur- 
vive. When brought down to a practical 
level it means instant correction of devi- 
ations brought about by the random events 
which tend to disturb the equilibrium and 
thus the survival of the economic entity. 
If the economic activity were a single 
entity like a human organism it could act 
instantly to offset these deleterious 
effects. However, it is a combination of 
many individuals; their individual actions 
must be co-ordinated so that they contri- 
bute each one, as it is made, towards 
achieving the common objective. This can 
be done if each individual is completely 
aware of his own task and responsibility. 
This is, however, not enough. There must 
be a further awareness of how his decis- 
ions and actions affect the decisions and 
actions of other individuals. There must 
also be awareness as to how the action 
which he may take under a given circum- 
stance, which may correct the immediate 
apparent deviation within his own sphere 
of activity, may not bring the best result 
in another sphere of activity within the 
entity. It is common knowledge that the 
higher the speed of feedback and the less 
the distortion and noïse in the informa- 
tion conveyed, the faster corrections can 
take place. The proposals made are intend- 
ed to bring about full knowledge and 
participation of the top managerial levels 
in forming the customs policies of the 
entity. We have thus a form of staff 
organisation where the Chief Executive has 
the functional managers as his staff. Each 
functional manager transmits, through a 


form of line authority, his interpretation 
of the customs and policies, in the form 
of decisions for action, to his own person- 
nel, who must implement them. 


Group participation in forecasting and budgeting 

The planning and forecasting in the short 
and medium term in relation to any econo- 
mic activity must be carried out in the 
future. It is only in the future that we 
can manoeuvre the various elements in 
seeking to bring about an anticipated most 
favourable outcome. In doing this it is 
essential that all functional management 
be integrated into the whole concept of 
planning and forecasting. The ultimate 
forecast of the short-term and medium-term 
policies and actions of the entity, are 
best carried out by a detailed approach on 
the part of each of the Functional Mana- 
gers, acting separately and as a committee 
to produce a forecast acceptable to the 
Chief Executive. In carrying out such a 
project each of the individuals becomes 
fully aware of the implication of the 
action of the other individuals concerned 
as well as the joint effect on the entity 
itself. This is one of the first but most 
important steps to be taken by a Function 
al Management group. If it is done well 
and thoroughly, subsequent managerial 
decisions by the Functional Managers 
become better integrated and more concer- 
ted towards achieving the common object- 
ives. The organisational concept can set 
up the Operational Fixed Assets, and the 
Processes, and develop procedures whereby 


the processes can be applied to material 
input to create output products. However, 
the directing and controlling of this 
organisation can only take place if there 
is adequate communication between those 
functional parts which are entrusted with 
the execution of the decisions jointly 
made in setting up a forecast for action. 
When they have developed the joint experi- 
ence, knowledge and ability to act in con- 
cert with fully adequate communication 
systems both between themselves and up and 
down their own line of authority, we can 
say that we have changed the organisation 
into an organism. Even then, as is typical 
of an organism, it must continue to gather 
experience from its own actions in control- 
ling and directing the economic activity. 
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Operational cybernetic system for optimizing 
train movements on heavy traffic lines 
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It is a well known fact that data process- 
ing systems are extensively used by the 
railways in personnel management, electro- 
nic seat reservation, stores management, 
and goods wagon management monitoring, but 
cybernetic systems are increasingly 
implemented to work out and build systems 
with a view to managing and controlling 
rail traffic on tracks carrying heavy 
traffic, 

It is the object of this paper to show 
the possibilities provided by the 
cybernetics-based methodology for building 
an ‘Operational system for optimizing 
train movements on heavy traffic lines', 
in the two following fields: 

- On the one hand, at a first stage, to 

design the system. 

- On the other hand, at a second stage, 
for working out the system's function- 
al structure which must lead to its 
operational development. 


Designing of the system 


Definition of the methodology applied 

Cybernetics-based methodology consists in 
separating and analysing interacting sub- 
systems by feed-back, starting from 
requirements to get to decisions; those 
sub-systems may be classified into two 
parts [1]: 

- The formulation (objectives and 
criteria). 

- The analysis leading to the feasibility 
study and to the preparing of decisions 
(analysis of functions and means, per- 
formances, technical characteristics, 
experimentation, results and criticis- 
ing, economic estimates and technical- 
and-financial conclusions). 

À project manager, in charge of putting 
this methodology into actual practice, 
coordinates the tasks of a team of various 
experts entrusted with preparing a report 
leading to decision — making for opera- 


&& 


tional development. 


Reguirements 

The passenger traffic of the Paris-Nord 
S,N.C.F. terminal is especially heavy with 
a daily average of some 300,000 passengers, 
most of whom are commuters (three suburban 


lines: to Montsoult, to Pontoise and to 
Chantilly). Peak traffic now exceeds 
60,000 passengers per hour, an increase 
over last year's figures of about 5 per 
cent, the largest increase on S.N.C.F. 

Traffic management is very important, as 
there can be more than 100 trains moving 
at rush hours. 

As a guided transport system, the rail- 
ways can operate trains properly spaced 
out in time and distance on a roadbed a 
few metres wide. Its capacity can be very 
large, amounting to a few dozens of 
thousands of passengers per hour or so; 
train runnings are deterministic and shown 
on train diagrams in accordance with 
operating needs (passenger demand for 
traffic, departure and arrival times, 
calling times in stations, tightness of 
train sequences) and with technical con- 
straints (characteristics of railway infra- 
structure and also motive power and 
trailer stock, speed and braking character 
Tstics): 

However, random circumstances may happen 
(such as longer callings at stations to 
let crowds of passengers board or leave 
the trains, or incidents of a technical 
nature). These result in putting one or 
more trains out of schedule and, at 
periods of heavy traffic, may generate 
conflicts at some rail junctions. Signal- 
ling installations aim at presenting 
information or signals to the drivers to 
provide for the safety of rail transport, 
but this 'signalling sub-system'! is sup- 
plemented by a 'dispatching sub-system!' - 
which enables a 'dispatcher' to monitor 
train runnings by means of telephonic 
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information coming from stations and to 
take decisions (stabling of trains with 
less urgent priority, track switching, 
etc.). These decisions are transmitted by 
telephone to signalmen in the signal- 
boxes. For a heavy traffic and in the 
framework of a policy of productivity, the 
need for a system with a better perform- 
ance is increasingly felt. It is this sys- 
tem which is dealt with in this paper: it 
will enable an anticipated traffic manage- 
ment both in space and time, the detection 
of running delays and of conflicts, and 
real-time decision-making about the run- 
ning of trains without any priority with 

a view to re-arranging the sequential order 


of movements, based on criteria making it 
possible to improve the quality of service, 
i.e. to chiefly minimize the consequences 
of possible delays. 

As a first stage, the system will be 
made operational on the tracks of the 
Pontoise-Paris line (both directions) 
between Paris and Saint-Denis station 
(Saint-Denis is approximately located 7 km 
from Paris). 


Objectives 
Theseraret 

- Improvement of the quality of service 
at Paris-Nord terminal, i.e. minimizing 
possible delays of the trains by 
fluidizing their movements, the fluid- 
izing aiming at avoiding stops and at 
replacing them by well advised slow- 
downs, for stops are detrimental to 
the community (waste of time) as well 
as to the railways (power wasted in 
braking and starting). 

- Presenting of information and use of 
automated means enabling signalmen and 
dispatchers to forecast the events 
instead of undergoiïing them. 

- Alleviate the day-to-day work of the 
men to enable them to monitor move- 
ments, to fluidize them and to devote 
themselves to the decision-making in 
order to minimize conflicts which are 
the consequence of the delays when the 
traffic runs out of schedule. 

- Use of modern techniques making it 
possible for the man to work in an 
environment which is consistent with 
his functions. 

In the short-run, this results in experi- 
menting on a global system monitored by a 
computer presenting information to men and 
also solutions in order to optimize the 
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sequential order of the trains so as to 
reduce the consequences of possible dis- 
turbances: by priority, on the tracks 
Pontoise-Paris (both ways); subsequent1ly, 
this system might be applied to trains 
serving Montsoult and Creil lines. } 
: 
Criteria, constraints and tolerances 
Criteria aim at quantifying the objectives, 
i.e. at determining a function capable of 
minimizing train delays, thereby offering 
possibilities of re-organizing in real- 
time an optimum sequential order of all 
arriving as well as departing trains. This 
criterion will make it possible to conduce 
to a formulation of the algorithm derived 


from the 'branch-and-bound' method, 

Constraints are those linked with train 
movements over a system divided into block. 
sections, each section being protected by 
a signal with three lights: 

‘danger' (red) — 'warning' (yellow)— 

'clear' (green) 

The constraint is to have the trains 
moving at "line clear', i.e. under green 
signals, so as to spare the driver the 
taking of decisions leading to slow the 
train down. 

Tolerances are those linked to the com- 
pliance with the train schedule, which, 
with present means, are of the order of a 
few tens of seconds with respect to the 
theoretical schedule. 


Feasibility study 

Analyses have led to separate a number of 
functions (function of identifying trains, 
function of locating trains, etc.) which 
will be reviewed in the paragraph ‘The 
functions! later in this paper. 

Methods [2] including two stages have 
been worked out: 

- The first stage makes it possible to 
follow the various operations perform- 
ed about the movement of a train 
entering the system so as to determine 
the conflicts and settle them. 

- The second stage is the algorithm 
itself (arborescence analysis by the 
branch-and-bound method). 

A computer-based simulation has been 
made to check the operational nature and 
the achievement of the criteria for mini- 
mizing delays when trains run out of 
schedule (GPSS language and computer IBM 
360/75). 
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he entering train is named i 
the leaving train is named j 


j : the first train to leave is named i 
Departure/Departure Conflict fre second train to leave is named j 


Arrival/Departure Conflict { 


Level = Level + 1 
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Decisions 
The study has led to the decision of 
developing, from 15 November 1972 onwards, 
a system based on the use of a computer 
located in the Paris-Nord train dispatch- 
ing and all relay signal-box and of display 
devices enabling the operator to foresee, 
supervise and take decisions by means of 
peripheral systems consisting of display 
consoles, 

The cost thereof is in the vicinity of 
1 million francs for the management of 
Pontoise line (both directions). For a 
cost of 2 million francs, it will be pos- 
sible to extend the system to the whole of 
the lines radiating from or to the Paris- 
Nord terminal. 


Input 
Information 


Environment 


— pr) — 


———————————— 


- The objective is to have trains moving 


with the best possible quality of ser- 
vice [3]: this objective is attained 
by adopting a criterion for minimizing 
train delays in case of traffic dis- 
turbances and is leading to re- 
arranging train sequences in compliance 
with a number of constraints. 

The input information is composed of 
data regarding train identification 
and location over the rail system con- 
trolled. 

The structure includes a computer 
operating in real-time to process and 
display information, to propose or 
take decisions in accordance with the 
criterion formulated by an algorithm. 


Feed-back 


Output 
Information 


Fig.1 Cybernetic system for controlling rail traffic 


Functional structure of the system 


Methodology for working out the system 
The cybernetic system for controlling rail 
traffic may be diagrammatized as shown in 
Fig.1 by using the general theory of 
cybernetic systems including the following 
sub-systems interacting in real-time: 
operator, objectives, input information, 
structure, output information, comparator, 
feed-back and environment. 
- The 'operator' should be understood in 
a wider sense; practically, it covers 
the pair: dispatcher — signalman. 
Both men take and check decisions about 
train movements and modify the succession 
of trains by altering their routes and 
runnings through signals. 


- The output information makes it pos- 


sible to inform the men and is com- 
pared with the trains' running 
programme (graphs) worked out in order 
to avoid conflicts in normal situat- 
ions. This comparison makes it possible 
to estimate the gaps between the normal 
traffic performance and the possible 
disturbed traffic performance, to 
foresee conflicts and, thus, to act 
upon the system so as to make the 
objectives operational. 

The environment organization gives 
information on the running of the 
trains entering the system (trains on 
time or not). 
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Working out the system-structure: functions and means 


General concept 


The anticipated system uses information 
which makes it possible to follow the 


events, i.e. the runnings of trains, over 
the part concerned of the controlled rail 
area. Trains are identified and followed 
in terms of time and distance. The con- 
flicts of convergence, intersection and 
head-on running, may now be automatically 
foreseen, as a function of empirical or 
algorithmic regulations put in the computer 
storage. Solutions for traffic fluidizing 
may be predetermined and made operational 
by information display to the drivers of 
trains coming from Saint-Denis and moving 
towards Paris-Nord, as well as to the 
signalman in the Paris-Nord all-relay 
signal-box. 

This over-all system is divided into two 
sub-systems: 

- One geographical sub-system. 

- One functional sub-system in the al1- 

relay signal-box. 
Both sub-systems obviously interact in 
real-time, 

It is now advisable to describe, on the 
one hand, the functions of these systems 
and, on the other hand, the means to be 
implemented. 


The functions 

The analysis of the problem has made it 
possible to distinguish the following 
functions: 

- Function of train identification. 

- Function of train location. 

- Function of detecting occupied block- 
sections. 

- Function of computation for determining 
the schedule gaps of the trains between 
their actual running and that shown on 
the graph, as well as for detecting 
possible conflicts. 

- Function of traffic fluidizing (empiri- 
cal or algorithmic regulations, solu- 
tion display, presenting of information 
to the driver and to the guard). 

- Function of displaying at the all- 
relay signal-box (train sequence visu- 
alizing). 

- Function for transmitting all of this 
two-way information between the geo- 
graphical sub-system and the functional 
sub-system. 

- Possibly, function of automatic record- 
ing of movements with a view to check- 
ing them a posteriori. 
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The means 
The anticipated means will generally be a: 
simple and economical as possible and will 


be selected from a range of existing equif 
ment. 


Means of identification 

For the trains arriving from Saint-Denis 
as well as for those leaving Paris-Nord, 
identification of trains moving over the 
controlled area is required to effect the 
computations for detecting the conflicts. 
As a matter of fact, any attempt to 
rationally cope with unidentified events 
would be unrealistic. The system, at its 
first stage, does not incorporate the auto 
matic identification of the trains. 

Stored in the computer is the train run- 
ning diagram, that is, the normal sequen- 
tial order of the trains as they leave or 
enter the terminal or as they pass through 
each point of the line; this makes it 
possible to display the normal order of 
the trains according to the theoretical 
diagram at both the Saint-Denis and Paris 
all-relay signal-boxes, The Saint-Denis 
signalman is, in due course, able to con- 
firm in real time the number of the train 
passing along his signal-box [4]. From 
this moment onwards, the train is followed 
discontinuously by the train locating 
devices. 


Means for train locating (train locating 


devices) 

Use is made of a 'locator' or train locat- 
ing sensor, which is a device capable of 
perceiving the existence of a train move- 
ment at a geographical point determined 
and defined by the sensor itself but whict 
does not identify it. 

This information must be picked up at 
accurate points, which, in view of the 
length of the lines controlled may be some 
tens of metres long. It is considered that 
in the present case, an area of responsive 
ness of about 30 m is convenient and this 
problem is particularly well solved by 
superimposed small track circuits with 
8,700 Hz working frequency. 


Means for detecting occupied block-sectior 


For knowing the situation on the network 
controlled, a storage unit having as many 
positions as there can possible exist 
trains is associated with each block- 
section. 


Means for knowing and displaying the trains 


schedule gap between their running as shown 
on the traffic graph and that actually per- 
formed, and for detecting possible conflicts 


Each point of the line, materialized by a 


locator, corresponds, in the computer, to 
a storage position which contains the num- 
ber of the train of which the existence 
has been detected at the point concerned 
as well as the time noted at the moment 
when the information has been collected. 


In the circumstances, the locators make 
it possible, according to the geographical 
point where they are located (Mileage mark 
and Track): 

- To determine the times of passing 
through these points (station, turnout, 
auxiliary beacon, etc.). 

- To determine the route travelled and 
the adequate transfers between a stor- 
age unit and another one. 


As soon,as an identified train enters a 
block-section, the locator delivers infor- 
mation enabling the computer to know the 
actual arrival time of the train in that 
section. Moreover, the computer, in which 
the theoretical train diagram, i.e. the 
forecast passing time of the train through 
that section, is stored, gives the lag 
which may be, on the one hand, displayed 
to the signalman, and on the other hand 
recorded in the stores, with a view, should 
it be longer than 20 sec, to detecting and 
dealing with possible conflicts. This lag, 
expressed in minutes and decaseconds, is 
also displayed to the signalman by the 
indicator assigned to train identification 
and tracing. This information is displayed 
below the identification number of the 
information. 

Means for detecting possible conflicts 
are chiefly means of computation, incorpor- 
ated in the functional sub-system accommo- 
dated in the all-relay signal-box computer; 

this computer may, from actual runnings, 
determine’ with a good accuracy the probable 
time at which the train concerned will 


pass through track portions or turnouts 
Where conflicts may occur. 


Means for traffic fluidizing 


These include: 

- On the one hand, an algorithm making 
allowance for the priorities of the 
trains, with a view to minimizing 
traffic disturbances or their conse- 
quences [5]. 


- On the other hand, the hardware: 

* computers, 

* interfaces and means of communica- 
ting (display systems, among 
others). 

The decision is automatically presented: 

- To moving up-trains, by automatically 
controlled marking poles or arrows 
installed on properly selected signals, 
ordering drivers to slow down when 
entering the Paris-Nord terminal (as a 
rule, without any stop). 

- To the signalman in the Paris all- 
relay signal-box, as a listing showing 
the fluidified trains, the magnitude 
of the delay to be imposed upon these 
trains, and the routes to be set. 


Means for displaying indication at the all- 
relay signal-box [6] 


In order to enable the signalmen to have 
an over-all view of the traffic, it is 


essential to give them, on a "special 
panel for observing train movements', the 
information concerning the identification, 
the location and the time deviation of 
each train (advance or delay at the entry 
of each block-section with respect to 
their theoretical schedule) for the portion 
Saint-Denis-Paris (of the Pontoise-Paris 
line, as a first stage). 

À display console shows all of the Paris- 
bound traïns moving between Saint-Denis 
and Paris on the three lines originating 
respectively at Montsoult, Chantilly and 
Pontoise, the trains being shown in their 
sequential order as they pass through 
Saint-Denis. The console also displays 
solutions for route settings and gives 
information about the operational fluidiz- 
ing signals with a view to minimizing 
possible delays according to the establish- 
ed criteria: 


Means for transmitting 

The transmission of information regarding 
both identification and location calls 

upon economical and reliable techniques, 
already well-tested and known, particularly 


in centralized traffic control rooms as 
well as in the data transmission networks. 


Means for recording movements automatically 


In the first stage, it does not seem 
necessary to use these means. 

However, should the experimentation on 
the system show the advantages of record- 
ing the actual train running graph, the 
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automatic implementation of the recording 
made could be anticipated: 
- Either diagrammatically, on a drawing 
table. 
- Or on a recording tape. 
- Or again on a printing unit. 


Conclusions 

The working out of the system has been 
eased by the use of a cybernetics-based 
methodology, at the research stage as well 
as at the design stage. This system will 
make it possible to improve the quality of 
the service by giving the operator real- 
time means for collecting, processing and 
displaying information, so as to facilitate 
decision-making and to optimize train 
traffic. 
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SAINT-DENIS ALL-RELAY SIGNAL-BOX 


Display by computer of the first five trains of which the passing is 
foreseen on each of the Saint-Denis platform tracks, RP.RM and RC. 

At the top of the screen, area for the dialogue between the Saint- 
Denis signalman and the computer. In the right column entries regarding 


trains to be eliminated. 


52 


RM.W10716. T546.D480 . 178 
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PARIS ALL-RELAY SIGNAL-BOX 


1st row of entries: Announcing of the trains on the RM track by the Saint-Denis 
all-relay signal-box. 


2nd row of entries: Announcing of the trains on the RC track by the Saint-Denis 
all-relay signal-box. 


3rd through 11th rows of entries: Numbers of the trains occupying the blocks 
numbered 1 through 9 on the RD track, between 
Saint-Denis and Paris. This display takes 
place automatically when there are more than 
one train on the block 


12th through 15th rows of entries: Instructions for fluidizing as determined by 
the computer. 


Note: For technical reasons M. Lemaire's 
large Appendices have to be omitted but 
problem, argument and solution are ade- 
quately presented without requiring refer- 
ence to them. 


55 


Flow within information systems as predictors 
of organization trajectories through time on 


aggregate dimensions 


J. H. CAMPBELL 

College of Business, 

Department of Administration, 
Wichita State University, Kansas, USA 


Introduction 


The purpose of the research includes the 
design of a system of data collection and 
analysis that will permit inferences to be 
drawn about various aspects of the future 
of human organizations. The approach takes 
a set of notions about communication that 
propose a taxonomy for information hand- 
ling characteristics among people in inter- 
action, and uses these notions to design 
an instrument that generates data from 
which patterns emerge that constitute the 
basis for prediction. It is worth noting 
that this is not a simulation. This data 
is drawn from a human information process 
subsystem in vivo. 

By extension, the markers of money and 
productivity are considered consequent to 
information flow antecedents, If this 
statement has fair validity, it should be 
possible to base predictions of economic 
indexes on data about information flow. 

This paper reports data collection pro- 
cedures and the analytic methodology used 
in a study of information handling charac- 
teristics in a group of approximately 1300 
men working together in a military organi- 
zation. 


Instrument design 
The design of the instrument embodies the 
idea of binary divisions of the communica- 
tion activity. The first such division is 
the customary input/output dichotomy. The 
input is then further subdivided into 
listening and reading while the output is 
divided into speaking and writing. Each of 
these is then finally divided into quest- 
ions or information. À copy of the instru- 
ment with instructions is found in 
Appendix 'A'! of this paper. 

This design is interesting because it is 
in conformity with some advanced think 
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about human communication systems, oT7 any 
system for that matter, yet the embodiment 
of this thought in the instrument if any- 
thing contributed to the face validity the 
measure had for the respondents. And the 
face validity of the instrument for the 
respondents is important in getting respon- 
ses. 

In order to have confidence in the abili- 
ty of the population to be sampled to 
respond accurately to the instrument, the 
data which form the basis for this paper, 
some prior education of that population 
was done as part of earlier data collect- 
ion procedures. The idea was that for many 
communication is out-of-awareness and until 
brought into awareness introspecting might 
only give rein to some biases and thus 
invalidate the data. That possibility 
remains, of course. But an effort was made 
to give the population a way of thinking 
about and a sensitivity toward their own 
communication behaviours. It has always 
seemed to me that, except for the use of 
unobtrusive measures, the choice was 
between the bias produced by ignorant 
(naïve) respondents, and that produced by 
mindful respondents. In this study the 
latter is preferred. 

Many, though not all, of the population 
had had an opportunity to see, and respond 
to, several previous instruments. Two of 
these had been labeled "Communication 
Diary' as was the one discussed here. The 
word 'diary' was chosen in the hope that 
the keeping of a diary would be thought to 
be a job of reporting that might enhance 
the respondent's desire to participate. 

The first of these diary-like instru- 
ments asked for a rather complete account 
of all the communication occasions in 
three fifteen minute periods scattered 
through the duty day. The fifteen minute 
segments were self-selected. The usual dat: 


was requested: Mode (face-to-face, tele- 
phone, written, and so forth); Duration; 
and some report of the content and the 
importance the respondent attached to the 
content. "Communication Diary Il' was 
similar to the first in the type of infor- 
mation asked for, but some precoding of 
the responses had been done. 

Some of the responses to the open-ended 
items asking for abbreviated descriptions 
of the contents of the various communica- 
tion occasions the respondent reported 
gave us confidence that our respondents 
were giving us bona fide information about 
their information handling characteristics. 


Instrument distribution 

The instrument was distributed to the 
approximately one thousand men of a mili- 
tary unit/using available military distri- 
bution channels. The return of the instru- 
ments totaled 341, The return was distri- 
buted approximately as the men were across 
ranks, with a tendency for the proportion 
of returns to increase as rank level went 
up. Over 90% (estimated) of the returns 
were back within five days. 


Data analysis 


The estimates were averaged across each 
rank by variable. À 'variable' is one of 
the estimations made by the respondents; 
i.e. Input %, Output %, Listening %, etc. 
Then Student's t statistics were calcula- 
ted for each rank for each variable against 
all other ranks. The levels at which these 
are statistically significant are reported 
in Figs 1 and 2. | 
Note that it is the pattern of these 
significant t's which is to be interpreted, 
No one t in the array is to be interpreted, 
One reason for looking only at the patterns 
formed by the significant t's is that if 
one were to examine a particular t, 
especially when a large number has been 
calculated, it would be possible that the 
t was large enough to be significant by 
chance. Put another way, when one calcula- 
tes a large number of Student's t's, some 
should reach significance by chance. The 
number of Student's t's calculated was 
2,184 (14 variables X 12 ranks X 13 ranks). 


The formula used was: 


108) + Cr) 


(0) PAC AN 
| error n MRC UT 


ES 


where C': = the coefficient for the jth 


4 k 
mean, and 2 Ic';| CP 
= g=1 
X; = the jth treatment mean, 
MS ,ppor = an unbiased estimate of the 
population error variance, and 
nj = the number of scores in the jth 


treatment level, 
[After: R.E. Kirk, Experimental design: 
Procedures for the Behavioral Setences. 
Brooks/Cole: Belmont, California, 1968, 
p'74.] 
Data processing was done on Wichita 

State University's IBM 360/44 computer. 
The Student's t values were calculated 


using the Bio-Med program BMDX70 as 

revised in June, 1969, by the Health Sci- 
ences Computing Facility at U.C.L.A., and 
further modified by Texas Technological 
University's Computer Services in January, 
1969. Some additional modification was 

done by Wichita State University's Computer 
Center to accommodate the program to the 
university's smaller computer. 


Discussion 

Obviously this whole technique for doing 
research on large organizations is too 
young for any firm claims to be made for 
it, or for any final condemations, per- 
haps. Equally obviously, I hope, some 
values of the technique may be seen. 

We are proceeding to test the validity 
of this approach on smaller systems. In 
addition to replicating the study on the 
same population/system, data is currently 
being collected on a small group of middle 
level city managers, 

In the research reported here one grand 
question has been constantly in view: Can 
we predict personnel retention? This study 
takes the position that information about 
the variety of information being handled 
by individuals at locations within the 
organization at which time in the organi- 
zation predicts rank, and rank predicts 
task assignment will permit best predict- 
ions of retention. More generally, it is 


55 


Fig.1 


SNOL1S2NÙ 
/ONILTUA 


NOILVWYOANI 
JONILTUM 


SNOI1S3nd 
/9NTAY3dS 


NOILVWYOANI 
/9NDIV3dS 


SNOILS3Nd 
LÉLECU'EL] 


NOILVWIOANI 
/9N10v34 


SNOI1S3NÙ 
/9NIN31$11 


NOILVWAOANI 
/9NIN31S11 


REFEREME RAK = 0-2 


SNOI1S3nd 
J9NILTUM 


NOILVWUOANI 
JSNILTUM 


SNOI1S3Nd 
/ONIAV3dS 


NOLLVWIOANI 
/ONIAV3dS 


SNOI1S3nd 
ICE 


NOI1VWAOANI 
/ONIQvrI 


REFERENE RAK = 0-1 


SNOI1S3nd 
JSNIN1S 1 


NOILVWIOANI 
/SNIN31S17 


56 


CELL VALUES 


Decimals indicate the probability of the Student's t (1 tailed) 
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thought that this information should per- 
mit predictions beyond those having to do 
With personnel retention. But the present 
study takes up only a part of the task. 

The elemental characteristics of commu- 
nication can be said to be: frequency, 
duration, fidelity, and cost-effectiveness 
of input/output relationships. This study 
tries to get at the input/output character- 
istics of the men in an organization, 
particularly frequency in terms of an 
average proportion. More precisely, the 
study gets at 'inequality' in interaction 
defined as the relative inequality in the 
amount of communication among individuals 
along various dimensions. 

The assumption is that men will strain 
to produce an amount of variety in their 
environment that is comfortable for them, 
This does not mean they will necessarily 
seek a configuration of activities that is 
least demanding in terms of time/energy 
expenditures. À trained athlete, for 
example, may not be comfortable unless 
engaged in daily physical activity that 


SAMPLE SIZE AS A PROPORTION OF 
THE DUTY ROSTER* 


2 


% of pop. in 


Rank N(pop.) n(sample) sample 
0-6 4 2 0.5 
0-5 16 6 0.375 
0-4 17 3 0.176 
0-3 107 47 0.439 
0-2 90 34 0:377 
0-1 83 7 0.204 
Total 
Déricer 317 109 0.343 
E-9 9 (1) not included 
in analysis 
E-8 14 K 07357 
E-7 70 30 0.428 
E-6 105 29 0.276 
E-5 189 44 09232 
E-4 322 T3 0.226 
E-3 270 48 0,177 
E-2 43 3 0.069 
E-1 2 0 0.0 
Total 
D nieted 1024 232 0,226 
Total 1341 341 


0.254 


*k 
In spite of the decimal places these are 


approximate only since the exact number of 
men at any rank may fluctuate from day to 
day. 


permits/requires him to make use of his 
abilities even though the time/energy cost 
is greater than merely lolling about, or 
doing paperwork. 

I would agree with and paraphrase Prof- 
essor Krippendorf's ‘'any communication 
process, once initiated and maintained, 
leads to the genesis of social structure"! 
(Krippendorf, p 171) so that it becomes: 
The establishment of communication proces- 
ses controls the behavior of individuals 
within social structures, especially as it 
affects their decision to remain within 
and participate in the structures, 

Thus, over time, individuals should seek 
to either modify their environment, or to 
modify themselves, to make the optimum 
obtain for themselves. To the extent an 
occupation constitutes the major component 
of an individual's environment the variety 
that occupation presents is a significant 
component of the total variety in that 
individual's life. Then, if the occupation 
requires, as it may in the case of the 
military, submission to place/time/activity 
constraints in great number, the variety 
in the occupation will be the dominant 
factor in the estimates of environmental 
variety the individual makes, and further, 
if the nature of the occupation is little 
susceptible to modification by an indivi- 
dual, his choice may be only to modify 
himself, or to leave the organization. And 
if he makes modifications in himself it 
may be only temporary in order to tolerate 
for some required period the situation in 
which the amount of variety is not compat- 
ible with the individual's comfort/capaci- 
ties! 

Some of the above is supported, in a 
general way, because there are properties 
of the system that seem, on the basis of 
contextual evidence, to be visible in the 
data we have collected and analysed in the 
manner reported here. The validation argu- 
ment is that if we have found characteris- 
tics already identified by a multitude of 
experiences, then any we find that have 
not been previously seen will require some 
contraindication before being dismissed. 

A familiar characteristic of human sys- 
tems that stands crudely revealed by this 
data is that if the whole array of ranks 
is examined to determine if the data analy- 
sis reveals an interfacing rank, it seems 
that the E-8 have such characteristics. 
And this reaffirms that if one construes an 
organisation to consist of two pyramids, 
one balancing on the pinnacle of the other, 
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the interfacing personnel are at the top 

of the bottom system, and not at the bot- 
tom of the topmost. In this case this can 
be attributed to age differentials, among 
other factors. 


QUE C 


This characteristic of the E-8 might be 
seen as verification of a part of the early 
work on small group communication networks 
in that the E-8 can be seen as occupying 
slot 'A' in the 'wheel' configuration. 

In this configuration leadership emergence 
reliably occurred in slot 'A', The illus- 
tration makes the point that when the 
communication processes are fixed, leader- 
ship is fixed, as well as most other 
matters this leaves the individual with 
the leave-or-alter decision, 


Summary 

The predicative poser I see as potential 
in this technique is far from adequately 
demonstrated heré. But I propose that it 
can be with additional data on the same 

human system and with data on other sys- 
tems. 

This particular system may, of course, 
exhibit equifinality so far as these data 
arrays and analyses are concerned, Certain- 
ly the processes of self-selection into, 
and acculturation would contribute to that. 

I cannot yet specify the transitional 
probabilities that might permit me to 
write predicative statements. In some of 
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the forms of the Shannon equations may lie 
some help. It seems more likely that for 
the modelling the work of Arbib, and 
others, with semigroup theory is more 
promising. 

I am interested in trying to specify the 
movement of human systems along trajector… 
ies defined with a minimum of data points. 
(In this paper a data point is one data 
collection with the resulting analysis.) 

New and more revealing methods of depict: 
ing the results are being sought. The 
expansion of the combinatorials is the 
difficulty. The depiction of the data 
through the drawing of directed graphs, 
for example, is prohibited by the obscuri= 
ty attained by such graphs when N is much 
larger than 2. 

The elegance of the instrument derives 
from its structure and not so much from 
the manner in which, on this occasion the 
responses were elicited, Each discipline, 
or set of disciplines, has its own prefer- 
ences vis a vis data collection and analy- 
tic methodologies. It is possible that 
some, perhaps even many, of these prefer- 
ences may be exercised using this instru- 
ment and the related research methodology. 
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Appendix ‘A’ 


Instructions 

On the following pages you will be asked 
to describe the approximate proportion of 
your work day you spend in various types 
of communication activity. The data you 
provide will be carefully analyzed, the 
objective of the analysis being the dis- 
covery of a more efficient, informative, 
and satisfying communication system. Your 
cooperation is appreciated. 

We are concerned about: 

1. the proportion of your communication 
activity that is input (listening 
and/or reading) and the proportion 
that is output (speaking and/or 
writing); 

2. the proportion of your input that is 
reading and the proportion that is 
listening; 

3. the proportion of information and the 
proportion of questions of both read- 
ing and listening; 

4, the proportion of your output that is 
speaking and the proportion that is 
writing; 

5, the proportion of information and the 
proportion of questions of both writ- 
ing and speaking. 

The following diagram should help you 

visualize the breakdown of communication 
activity. 


Communication 
Activity 


Speaking % 


Consider the following example dealing 
with one communication event during the 
regular work day. 

Sgt. Jones wanted a 5-day leave of 

absence, and so he decided to discuss 

the situation with his squadron command- 
er, Cpt. Smith. He walked into Smith's 
office and began presenting his problem. 

In the course of the discussion Cpt. 

Smith handed Sgt. Jones a two-page regu- 

lation regarding Air Force policy for 

leaves of absence. Jones read the regu- 
lation and had some questions regarding 
what he read; so he asked Cpt. Smith 

about it. The discussion continued for a 

short time. The end result of the dis- 

cussion was that Sgt. Jones obtained his 
requested 5-day leave of absence. 

In terms of the proportion of the commu- 
nication event spent in various types of 
communication activity, the following per- 
centage breakdown can be made, 

During approximately 60% of the discus- 
sion Sgt. Jones received input; during 40% 
of the discussion, he gave output. Sgt. 
Jones estimated that 30% of his input was 
gotten by reading and the remaining 70% by 
listening. Of the input obtained by read- 
ing, 100% was information and 0% was ques- 
tions. Of the input gotten by listening, 
about 75% was information, and 25% was 
questions. 

Sgt. Jones' output consisted of only 
speaking, no writing; therefore, 100% was 
speaking and 0% was writing. Of the speak- 
ing output 50% was information and 50% was 
questions. Since Jones' output involved no 
writing, both the percent of writing which 
was information and that which was ques- 
tions are both 0%. 

Although the breakdown above is only for 
one communication exchange, in making your 
breakdown of communication activity, you 
should consider your whole work day, not 
Just one communication event. 


“This work was supported by AFOSR grant 
#71-2001. 
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A sample questionnaire exactly like the one you are asked to fill out 
appears below. Sgt. Jones has filled it out with percentages corresponding 
to those found in his communication event with Cpt. Smith. Please read it 
carefully as it is designed to answer questions which you may have when 
filling out the actual questionnaire. Please return your completed actual 
questionnaire to your squadron orderly room within five (5) days. 


Sample Questionnaire 
Your name S A 
Your social securit _numb & /J- - 21 


Your rank ER rs 
Work day: Regular xX : Other Date e 7/ 
What percentage of total work day was spent receiving inputs? Outputs? 
A. Inputs (LISTENING & READING) CO % 
B. Outputs (SPEAKING & WRITING) + RO 2% 
A TT 


What percentage of input did you get from listening? From reading? 
A. Listening 70_:% 
B. Reading + 30 A 
(100) % 


Of the input you got by listening, what percentage was information? 
What percentage was questions? 


A. Information 75" % 
B. Questions + 2S % 
(100) % 


Of the input you got by reading, what percentage was information? 
What percentage was questions? 


A. Information /20_ ? 
B. Questions + O œ 
(100) % 

What percentage of output did you produce in speaking? Writing? 
A. Speaking /00 * 
B. Writing Æ (4 % 
(100) % 


Of the output produced by speaking, what percentage was information? 
What percentage was questions? 


A. Information SO % 
B. Questions + SO. 7% 
(100) % 


Of the output produced by writing, what percentage was information? What 
percentage was questions? (Notice that information and questions per- 
centages under writing do not add to 100%. The reason is that no writing 
was involved in the communication event. Hence, the information and 
question percentages under writing add to 0%.) 


A. Information 4 RS 


B. Questions à [8 JO à 
(DIEU 
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Please return this questionnaire to your squadron orderly room within 
five (5) days. 


COMMUNICATION DIARY III November, 1971 


QUESTIONNAIRE 


Your name 


Your social security number 


Your rank 

Work day: Regular : Other Date 

What percentage of total work day was spent receiving inputs? Outputs? 
A. Inputs (LISTENING & READING) % 
B. Outputs (SPEAKING & WRITING) 1 

- L2 e e LJ 9? 0 ? 

What percentage of input did you get from listening? From reading? 
A. Listening % 
B. Reading % 


Of the input you got by listening, what percentage was information? 
What percentage was questions ? 


A. Information AErA 
B. Questions LL SNS 


Of the input you got by reading, what percentages was information? 
What percentage was questions? 


A. Information % 

B. Questions % 
What percentage of output did you produce in speaking? Writing? 

A. Speaking % 

B. Writing % 


Of the output produced by speaking, what percentages was infommation? 
What percentage was questions? 


A. Information b 
B. Questions % 


Of the output produced by writing, what percentage was information? 
What percentage was questions? 


A. Information 
B. Questions % 
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Languages in complex information systems— « 
current problems in economic semiotic 


PROFESSOR V. PILIC 
Faculty of Economics, 
University of Belgrade, Yugoslavia 


The development of economic semiotic is of 
enormous significance for the acceleration 
of the process of introduction of automati- 
zed system of management in the economy, 
for increasing its effectiveness, especi- 
ally for improving the relationship 
between the man and the machine. We do not 
consider economic semiotic as a separate 
science but only part of a special field 
of science. In our opinion, it signifies 
both theory and methodology of research 
into the system of signs, i.e. the system 
of information bearers, in the processes 
of the automatized system of management in 
the economy. 

Not only an abridged announcement but 
even more complex studies would be insuf- 
ficient fully to examine all current prob- 
lems facing economic semiotic at present, 
i.e. to solve them adequately. As is known 
today, the majority of scientists in many 
parts of the world who have been devoting 
their attention to these problems agree 
that they range from considerations of the 
principle of modelling economic languages, 
through a many-sided analysis of informa- 
tion and parameters of their evaluation, 
theoretical matters concerned with their 
classification, a formalized description 
of the interconnection of economic indica- 
tors, to the system and subsystem coding 
in complex information systems. In our 
research we join the efforts of the res- 
earchers who have been attempting to seek 
solutions and make proposals as to which 
preconditions and then also conditions 
should be fulfilled to arrive at efficient 
inclusion, at a satisfactory level, the 
economic mathematical model and method of 
their settlement in the process of complex 
automatized management in the economy 
today. In fact, these efforts were decisive 
with regard to the final choice of the 
structure of this announcement. 

We take first a conclusion from this 
field of science which has by now become 
axiomatic: the opinion that the automatized 
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system of management amounts to a series 
of mathematical operations and procedures” 
which, if correctly carried out, produce 
the desired effects and attain the desired 
goal, is outdated by now. A11 mathematical 
operations are extremely important and the 
whole system of automatized management in 
the economy is unthinkable without them. 

However, the major portion of work is 
today reduced to an analysis of possibili- 
ties for a logical transformation of mean- 
ings and to bringing the whole procedure 
to a level where not only elementary cal- 
culative procedure but also the very opera: 
tion of economic management in the economy 
is algorithmatized. 

The settlement of these problems and the 
achievement of this goal cannot possibly 
be brought about by a simple application 
of the ordinary natural language. The need 
for analyzing the basic categories, the 
elementary meanings expressed in the 
indicators through a system approach, 
becomes a conditio sine qua non of total 
results in this field. Experience shows 
that isolated examination of individual 
meanings, various information bearers, and 
individual indicators does not produce 
satisfactory results. The justification of 
this analysis is evident only on examina- 
tion of the rules of the origin of these 
indicators, of course, bearing in mind the 
goals of the system. One can arrive at 
these conclusions by every study of the 
researchers in the field of contemporary 
economic semiotic. If we agree on this, 
then we can also establish that an analysis 
and creation of the economic language 
requires a semantic study, a study of 
meanings, and a manifold semantic analysis 
of the announcement, of every information 
circulating in the system of economic 
management. The unity of quantitative and 
qualitative analysis of information is a 
characteristic feature of every contempo- 
rary analysis in this field, so that one 
could even say its signature. À successful 


mMaquantitative analysis is conditioned by a 


h preliminary qualitative, that is, constantly 


h present qualitative semantic analysis of 
the indicators. On the basis of the system 
approach, the need arises for a special 
logical and semiotic research into 
structural connection of size terms and, 
on that basis, both the identification and 
“unification of terms which carry the mean- 
 ings used for phenomena and determination 
of semantics of information trends. This 
means the necessity of forming a thesaurus 
+ of the management system, that is the 
creation of such a complex of meanings 
which are used within the given framework 
of tasks and the indicators serve the 
conveyance of those tasks. 


Regardless of whether the creation 
of a thesaurus is ordinary (manual), or 
semiautomatic or automatic (1), one 
can arrive at the conclusion that 
neither in theory nor in practice has 
the question of augmenting the scope and 
usefulness of production information 
as compared with the inputs (2) been 
solved sufficiently well as yet. However, 
the semantic quantity of information 
certainly depends on how the addressee's 
thesaurus is fitted, that is, prepared 
for the given information, i.e., whether 
there is a common point between the 
information and the addressee, The 
reception of semantic information is 
possible only on condition that common 
points exist between the thesaurus and 
the information, i.e., that the addressee 
possesses the table for coding. Here we 
see the main task of economic semiotic: 


information processing, its transformation 


achievable through a transformation of 
the information received so that one 
reaches the common point with the 
thesaurus, The modification, change of 
information is a process through which it 
becomes intelligible to the addressee and 


intersects its thesaurus. Through a better 


semantic processing of information, the 
addressee can get far more than the inpu- 
ts. This conclusion ranks among the 
fundamental truths about economic 
semiotic at its present level of 
development, that is, among the funda- 
mental truths derived from all studies 

of complex information systems. We must 
dwell on it for a while since the next 
tasks in economic semiotic stem from it 
and the still open problems on whose 
settlement the promotion of the relation- 
ship between the man and the machine dep- 


ends can be grasped. If they are 
neglected, this could be equal to the 
orientation to inefficient management in 
the economy, 

There are several mutually interconnect- 
ed phases of tasks facing the economic 
semiotic. The first is undoubtedly the 
analysis of the information structure, 
then operations relating to an analysis of 
management tasks and information trends. 
This is followed up by a structural 
linguistic analysis of the language of 
economic management, then by the methodo- 
logy of calculating the quantity of 
economic information in the announcements, 
then also an analysis of the indicators 
and the rules of their modelling, that is, 
their origin. The third phase is now 
certainly considered to include everything 
that can be classified into the methods of 
information systems synthesis. These are: 
the rational structure of the system of 
the data processing, then the projecting 
of indicators and the documentation, as 
well as the creation of the economic 
classifiers and decoders, 

It is only sheer illusion that even the 
very mention of this highly significant 
classification of tasks in economic 
semiotic is of no significance in direct 
practice and promotion of the economic 
management system in reality. Even so far 
a great number of languages for communica- 
tions by machine existed and still exist, 
and nevertheless it has not yet come to 
the desired optimization of automatized 
management in the economy. One of the 
reasons is also certainly that one of the 
most important tasks mentioned above and 
facing the economic semiotic has not 
attracted sufficient attention of either 
theory or practice in the earlier period 
of development of this branch of science. 
This can in effect account for the 
existence of only isolated and sporadi- 
cally even simplified results in this 
field in economic management. 

We want to dwell especially on one of 
the objectives facing economic semiotic, 
i.e., the coding of economic indicators 
and the examination of that task from the 
linguistic aspect. The elaboration of 
polyaspect (manifold) classification of 
every economic information is closely 
interconnected with this matter. This 
task is both necessary and workable for 
whole economy, for its individual branches, 
for individual enterprises. In each of 
these cases the classification means the 
foundation through which the code is being 


65 


verified, The examination of the structure 
of the classification appears most essen- 
tial because it protrays the inner logic 
of the classifiers. The classifiers are 
nothing else in reality but a method, or, 
to put it even more accurately, the rule, 
or rather the principle according to 


which objects are divided into classes, a 
principle that is immanent in every divis- 


ion into classes. The structure mirrors the 


inner logic of every classifier and that is 
why it is of enormous significance. A dia- 
gram showing the structure of the classifi- 
cation leads to a pattern of distribution 
into classes and is an extra crucial effort 
in this analysis as a whole. The contem- 
porary adequate classification should 
necessarily cover or embrace a whole 

series of objects, processes, and 

phenomena from economic life, it should 
predict the possibility of supplementa- 
tion in view of inescapability of 
development of the system and subsystem 

and the need for a dynamic change. 

The classification method of coding is 
the most popular, the best known. Even 
a brief survey of this all which we have 
supplied herewith leads to the realization 
of the shortcomings of the method as such. 
The difficulties arising in the analysis 
of the classifiers, the need that they 
be. universal, and the absence, for the 
time being, of a possibility that they 
be such, due to their insufficient 
development, are undoubtedly serious 
shortcomings. As is known, in addition 
to this, numerous researchers in this 
field also call attention to technical 
complexity contained in classification 
tables, in view of the clear survey and 
elaboration of the indexes attached to 
every indicator. 

The other method of coding which has 
been less known and less applied to this 
day is divided into two types: the formal 
coding and coding according to the 
meaning. As it seems, but only at first 
sight, fewer difficulties arise here, 
since one operates with the natural 
language which possesses a determined 
universality. However, bearing in mind 
the fact that one codes words and letters, 
i.e., elements of the indicators, then 
one can promptly see a shortcoming in 
difficult bridgeability of clumsiness. 
This coding method is formal and it is 
inferior to that according to meaning 
which is still undeveloped but the future 
certainly belongs to it. Every economic 
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information is being processed according 

to meaning and in future the machines 

will unquestionably be assigned the role 
which they only now begin to accept of 
performing a whole series of logical 
operations. At present, the coding is in 
far more cases carried out by means of a 
grammatical-semantic pattern. In this the 


determination of the grammatical function 
of individual words, that is, their 
syntactic role is also essential. This is 
how one clarifies the connection between 
economic semiotic and traditional grammar,” 
the linguistics. This connection is by no 
means abstract but is both real and 
indispensable as also is the connection 
with traditional economic sciences which 
can clearly be visualized on the basis of 
everything that has been stated this far 
about the current tasks of economic 
semiotic today. This connection is even 
broader, it can even be said that it is 
practically a question of a kind of a 
multidisciplinary approach to the settle- 
ment of these tasks. The development of 
economic semiotic will without doubt be 
both quicker and more adequate if it 
evolves by relying on the achievements 
offered by general economic theory, socio- 
logy, psychology, organization, ergonom- 
ics, law, and, of course, general linguis- 
tics. High specialization, required by all 
researchers in this field, as well as a 
multidisciplinary approach in both the 
outlining and the settlement of tasks, 

are a pre-condition of good results. In 
this way, the economic semiotic as a new 
section of à special young branch of 
science, judging by its method and conten- 
ts of tasks which are regularly mutually 
indivisible and interdependent, testifies 
to the future unity of science in defiance 
of its increasingly wide-spread speciali- 
zation, 

After the establishment of all these 
ties within the framework of the functio- 
ning of economic semiotic, it will come 
closer to a stage of complete automati- 
zation of information, That stage is going 
to be preceded by algorithmization of 
grammatical analysis of the indicators 
and their translation into the machine 
language. The analysis according to 
meaning, and We want to emphasize this, 
is a preliminary step in the fulfilment 
of this task, followed by the creation 
of a determined pattern, adaptable to 
the fixed objective, and the emergence 
of a machine information language of 


economic indicators and documents. In 
addition to these trends which we have 
described here, as is known, there is 

a whole series of attempts made by firms, 


k associations, and the like in various 


countries in the world in the practice 
of the so-called semisemantic coding with 
the information processing. 

We are fully aware that the process of 
coding, classification, and automatizati- 
on of economic information, combined 
with their preliminary processing, is 


. still far from being accomplished, It 


develops daily, as does the whole economic 
life and development, but at the same 
time it is being conditioned by it. 
Yugoslav researchers in this field also 
have their own specific tasks. They are 
not solely derived from the realized 
truth that every set-back, every delay 
on the road to processing and algorith- 
matizing of information simultaneously 
forms a real obstruction to development. 
The entiré period that lies ahead of us 
in the development of this field of 
science in Yugoslavia should be filled 
by complementary efforts of scientists 
of various profiles in the interest of 
the acceleration of the process both 
in the field of theoretical achievements 
and in the field of practice. Multiplied 
efforts will be rendered possible only 
if unity is achieved between these achie- 
vements and mutual interplay. The 
specific nature of the tasks appears to 
be important also on account of the 
absence of identity of objectives of 
systems and subsystems with those framed 


in other developed parts of the world. 
The hierarchy of economic management, 

for instance, in a number of other socia- 
list countries, or different relations 
among members of various big associations 
in developed countries, for example, 

in Western Europe, and the division 

of tasks and functions among them, will 
help advance the economic semiotic, at 
its numerous points, in a different 
direction and in another way than in our 
country. The specific conditions of 
economic life in Yugoslavia which daily 
go through a transformation and experience 
a dynamic change, due to fresh impulses, 
will call for additional effort in the 
field of language development in complex 
information systems. However, the differ- 
ences which are immanent in the very term 
of economic semiotic are no evil but 

a necessity which signifies the enrich- 
ment of experience in this field, It is 
our wish that our efforts in this 

respect form an integral part of efforts 
in the world that this field of young 
science as a whole experiences a 
development as quick as possible. 
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Âhnlichkeitsprüfung von Schutzmarken mit 


Computer 


F. NEEB 
OGEFA — Wien, Austria 


Die Frage, wie weit Worte einander #hnlich 
sind (z. B. ASPRO, ASPIRIN, PYRINOPLAST), 
war von entsprechender Grundlagenforschung 
unbearbeitet gewesen. Wissenschaftliche 
Bearbeitung dieses Problems wurde weltweit 
erforderlich, da für die internationale 
Prüfung der Âhnlichkeit von Schutzmarken 
der Computer-Einsatz zweckmässig erschien 
und deshalb Simulations-Methoden zur Mess- 
ung von Wort#hnlichkeiten gefunden werden 
mussten. 

Das Üsterreichische Patentamt hatte im 
Jahre 1963 die ÜGEFA, Üsterreichische 
Gesellschaft für Arbeitstechnik und 
Betriebsrationalisierung, beauftragt, Ver- 
fahren zu erfinden, die eine Durchführung 
der Âhnlichkeitsprüfung von Schutzmarken 


mittels Einsatz von Datenverarbeiïitung ermd- 


glichen. Die Aufgabenstellung hatte zwei 

Gründe: 

- Wfhrend in der Vergangenheïit nur die 
nationale Markenprüfung (monatlich 250 
Neuanmeldungen gegenüber ca. 50,000 ges- 


chätzten Marken) erforderlich war, sollte 


nunmehr entsprechend der Nizzaer Fassung 
des Madrider Markenabkommens die inter- 
nationale Schutzmarkenprüfung (monatlich 
2,000-3,000 Neuanmeldungen bei 300.000- 
400.000 geschützten Marken) auch für das 
Üsterreichische Patentamt vorbereitet 
werden, 

- Für die besonders monotone Art eines 
händisch-optischen Suchens von Wortähn- 


lichkeiïiten aus den Karteien war es bisher 


bereits schwierig gewesen, entsprechend 

qualifizierte Mitarbeïiter (zugleich ver- 

langt: grosse Aufmerksamkeiïits- und Kom- 
binatorik-Leistung) zu erhalten, Eine 

Ausweitung dieses Personalstandes (auf 

etwa 35 Kartei-Fachkräfte) erschien aus- 

geschlossen. 

Der Schwierigkeitsgrad dieser Aufgaben- 
stellung war zunächst nicht abzusehen; im 
Verlauf der weiteren, während der Jahre 
1963 bis 1972 durchgeführten umfangreichen 
Arbeiten zeigte sich jedoch, dass damit 
wissenschaftliche Neuleïistungen in unter- 
schiedlichen Disziplinen verlangt wurden. 
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Diese betrafen im besonderen: 
- Die Erstellung einer brauchbaren mathe- 


matisch-linguistischen Methode zur Beur- 
teilung der Âhnlichkeit von Worten über- 
haupt. Diese Fragestellung erwies sich ©! 
im weiteren als Thema einer Grundlagen- 
forschung, bei welcher 27 verschiedene 
methodische Ansätze (Silbenmethoden, 
Vokal/Konsonantenmethoden, Buchstaben- 
methoden) auf ihre grundlegende Brauch- 
barkeïit für den Anwendungszweck zu unter- 
suchen waren. 

Die Anwendungsforschung bezüglich derar- 
tiger Methoden, mit dem Ziel, dass 
geeignete Messergebnisse durch einen ver- 
hältnismässig einfachen logisch-mathema- 
tischen Algorithmus erhalten werden soll- 
ten, d. h. pro Wortvergleich mit etwa 
1,000-2,000 Computerbefehlen programmier- 
bar sind. Als Ergebnis dieser Forschungs- 
arbeit wurde die Methode der Buchstaben- 
korrelation geschaffen. 

Spezielle Systemanalysen bezüglich der 
Môglichkeit des Computereinsatzes, d. h. 
jene Frage, die wegen der Grôssenordnung 
der monatlichen Vergleichsarbeit (2,500 
Neuanmeldungen mal 350.000 geschützten 
Marken = ca. 1 Milliarde Vergleiche) zu 
einem Hauptproblem der Aufgabenstellung 
wurde. Um diese monatliche Vergleichs- 
arbeit zu wissenschaftlich tragbaren 
Computerkosten ausführen zu künnen, d.h. 
in wenigen Computerstunden pro Monat, 
durfte der einzelne Wortvergleich, mit 
mehr als 1,000 Computerbefehlen, nur 
einen Zeitbedarf in der Grôssenordnung 
von 10-1,000 Mikrosekunden haben. Um dies 
technisch zu 1bsen, war eine Reihe weit- 
erer Forschungen und Erfindungen (frakt- 


ionierte Auswertung mit zusätzlichen Vor- 
prüfungssystemen) notwendig. 


Das Ergebnis der automatischen Âhnlich- 
keitsprufung sollte inhaltlich den bis- 
herigen Praktiken der händischoptischen 
Karteiarbeit weitgehend entsprechen. Die 
fur die Âhnlichkeitsprüfung (auch bei den 
Vorprüfungen) angewendeten Algorithmen 
waren daher durch Einführung zusätzlicher 


Variabler so flexibel zu halten, dass 
eine optimale Adaption des Verfahrens auf 
die bisherigen Beurteilungsgepflogenheit- 
en gewährleistet blieb. Im Sinne einer 
experimentellen Entwicklung und unter 
Anwendung üblicher Methoden der Rangkor- 
relationsrechnung wurde eine Methode 
gefunden, die eine solche Feinabstimmung 
ermôglichte. 

- Unter Berücksichtigung fremdsprachlicher 
Phonetisierungsregeln wird nunmehr ver- 
langt, dass die entwickelte Methode 
gleichzeitig die Âhnlichkeit in der 
unterschiedlichen Aussprache der ver- 
schiedenen Weltsprachen feststellt und 
bewertet. Dies bedeutet u. a. zusätzliche 
linguistische Untersuchungen etwa in 
Richtung einer einheitlichen Phonetisier- 
ung für alle Weltsprachen, 

Die für die Entwicklung des automatischen 
Markenvergleiches durchgeführten Arbeiten 
führten praktisch zu erfolgreicher Nutzan- 
wendung durch das Üsterreichische Patentamt 
und zu Überiegungen, die entwickelten 
Methoden auch in anderen europäischen 
Staaten als Arbeitsgrundlagen zu verwenden,. 
- Das Üsterreichische Patentamt verwendet 

seit 1969 fur die Âhnlichkeitsprüfung 

von Schutzmarken den durch die entwickel- 
ten Methoden ermôglichten Computereinsatz 
und ersetzt damit die arbeitsaufwendige 

Karteiarbeit für die Markenprüfung. Für 

die Zukunft ist vorgesehen, auch den sys- 

tematischen Teil der eigentlichen Prü- 
fungsarbeiten und die schriftlichen 

Benachrichtigungen automatisch durchzu- 

führen. 

- Diese Computerdurchführung des Marken- 
vergleiches hatte frühzeitig auch das 
Interesse anderer europäischer Staaten 
angesprochen. Bereits im November 1969 
erfolgten Besuche durch Delegationen des 
Niederländischen, Bundesdeutschen und 
Ungarischen Patentamtes, um das Verfahren 
an Ort und Stelle ausführlich zu studier- 
en. Andere Patentämter, so z. B. das 
Irische, und mehrere grosse Industrie- 
firmen zeigten gleichfalls für diese 
ôsterreichische Durchführung besonderes 
interesse; 

Bei der Internationalen Konferenz der 
World Intellectual Property Organization 
in Genf vom 18. bis 21.1.1971 wurde fest- 
gestellt, welche Computerverfahren für die 
automatische Schutzmarkenprüfung bisher in 
Europa entwickelt wurden. Ausser dem üster- 
reichischen Verfahren (Buchstabenkorrela- 
tionsverfahren nach ÜGEFA) wurden Computer- 
durchführungen für den Markenvergleich für 


das Schwedische Patentamt (SKRIPTOR) und 
in Belgien (GEVERS) festgestellt. Durch 
zwei umfangreiche Testarbeiten wurde nun 
1971/72 geklärt, welches dieser Verfahren 
die beste Simulation für die Schutzmarken- 
Âhnlichkeitsprüfung gibt. Das Ergebnis 
dieser Überprüfung der genannten Verfahren 
durch eine Arbeitsgruppe der World Intel- 
lectual Property Organisation zeigte eine 
eindeutige Überlegenheit des üsterreichi- 
schen Verfahrens, sowohl bezüglich der 
Qualität der Computer-Resultate, als auch 
bezüglich der Geringfügigkeit der bean- 
spruchten Computer-Kosten. 

Nach den bisherigen Erfahrungen betragen 
nach diesem Verfahren, um für eine Schutz- 
marken-Neuanmeldung alle #hnlichen, bereits 
international registrierten Schutzmarken 
aufzufinden und in der Reïhenfolge ihrer 
Ahnlichkeit auszulisten, die Gesamtkosten 
nur etwa 1 US-Dollar bis 2 US-Dollar. 

Einige wichtige Grundsätze, Formeln und 
Modelle der Methoden des üsterreichischen 
Verfahrens für die Computer-Schutzmarken- 
prüfung werden nachstehend kurz dargestellt. 


Methode der Buchstabenkorrelation 
Zwei Wortmarken kôünnen vôllig ident sein, 
SONZ. AB CPARTEMLEAP ARTS 

Zwei Wortmarken kônnen jedoch auch zuein- 
ander vôllig unähnlich sein, so z. B, PART 
zu MUCK, Ferner gibt es Zwischenlüsungen: 
PART und PARK sind eïnander #hnlich, PART 
und PUCK eïinander eher unä#hnlich. Bei PART 
und MARK oder bei PART und PACK halten sich 
Xhnlichkeit und Un#hnlichkeit etwa das 
Gleichgewicht; man kônnte gleicherweise 
von halber Âhnlichkeit und halber Unähn- 
lichkeit sprechen, 

Aus formalen Gründen wird deshalb in der 
Methode (ä#hnlich wie bei einer statistisch- 
en Korrelation) ein Maszsystem angewendet, 
das bei Identität den Wert "+ l'' und bei 
vôlliger Unähnlichkeit den Wert ''- 1'' als 
Grenze hat. Überwiegen der Ahnlichkeits- 
gesichtspunkte führt damit zu positiven 
Messwerten, Überwiegen der Unähnlichkeit 
zu negativen Messwerten. 

Bezeichnet man die Länge (Buchstabenan- 
zahl) des Vergleichswortes mit ''W!'' und die 
Anzahl der identen Buchstaben mit ''A'', so 
ergibt sich der Messwert durch 


2A 
il 
Nr 0 


Fur die Feststellung der Âhnlichkeit von 
Worten (Schutzmarken) sind eine Anzahl 
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weiterer Aspekte zu berücksichtigen: 
- die Frage #hnlicher Buchstaben, z. 
PART zu BARD, 
- die Frage unterschiedlicher Wortlängen, 
Zz. B. PART zu PARTISAN, 
- die Frage von Buchstabenverschiebungen, 
z. B. PART zu PRAT, PART zu PADORT usw. 
Für alle diese Fragestellungen wurden 
Lôsungen erarbeitet. Für die Computer- 
verarbeitung wird jeder Buchstabe der 
Markenworte durch eine zweistellige Zahl 
dargestellt; die erste Ziffer bei dieser 
Verschlüsselung der Buchstaben ist dabei 
das sogenannte Klassenzeïichen, dieses ist 


für #hnliche Buchstaben jeweils gleich. 
Die Unterscheidung #hnlicher Buchstaben 
erfolgt durch die zweite Ziffer der Ver- 
schlüsselung, das sogenannte Artenzeichen. 
Die Art der Verschlüsselung für die ein- 
zelnen Buchstaben ist in der sogenannten 
Phonetisierungstabelle festgehalten, z. 


B. 


PHONETIZATION LIST 


æ > 
v = 
< 


7 


UE 


additional equalizations 
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Br: 


DSP AES 


QU = KW CE, , = Æ$E GU + vowel = GW 
X = _KS CI = f#I 

A ,uæ VLET CYR = RY 

AV = CEY CAE = $AE 


> See page (123 of this document), 


| 


In dieser Tabelle bedeutet der Feldabstand 


innerhalb der einzelnen Zeilen zugleich 
ein Âhnlichkeitsmass für die angegebenen 
Buchstaben. Buchstabenähnlichkeit wird 
jeweils als bemessener Teilwert der Buch- 


É 


stabenidentität in die Formel eingesetzt. à 


Bei unterschiedlichen Wortlängen ist für 


W ein mittlerer Wert zu wählen, wobei die 
Wortlänge des kürzeren Wortes stärker 


gewichtet sein soll als jene des längeren… 


Wortes : 


_\2(a+1) A ha 
oW,+W7 


Die für diese Gewichtung verwendete Vari- ! 
able à sowie eine weitere Variable #ÿ, 
welche die Betonung der Âhnlichkeit 
besonders kurzer Worte bewirkt, sind im 


Computerprogramm zur unmittelbaren Eingabe 


bei der Verarbeitung verfügbar gehalten. 


FOR THE 2ND TEST RUN 


ES 


‘æ 


F 


CW 


| 
| 


| Es ist Aufgabe der Feinabstimmungs-Methode, 


deren Know How ÜGEFA-eigen ist, durch rich- 
tige Berechnung und Wahl der Phonetisier- 
ungstabelle und der Variablen o und #” 

eine optimale Simulation der bisherigen 
Beurteilungspraktiken (bei der Âhnlichkeit- 


“sprüfung von Wortmarken) durch das Compu- 
| terverfahren zu erzielen. 


Die mathematische Formel für die Buch- 


| stabenkorrelationsmethode lautet: 


Ga 2(4 +#) Te 


aW7, + W7 
a + 1 +F 


Die Reihenfolge der Buchstaben in den Ver- 
gleichsworten wird durch die Art der Ver- 
schiebungen bewertet. Jede Verschiebung 
entspricht einer Identitätsminderung (z. 
B. um 1/3 Buchstaben, Dazu folgende Bei- 
Ppielén. ip, 


AP AR T 


7 


PURE. . . 4 Identitäten, Versch- 
iebung um 1; Anzahl der 


Identitäten = 3 2/3 


4 Identitäten, Versch- 
iebung um 2; Anzahl der 
Identitäten = 3 1/3 


Für die Computerverarbeitung wird die 
Art der Verschiebungen durch eine Ver- 
gleichsmatrix festgestellt; in dieser rech- 
net man für jede Identität 3 Punkte (für 
jede Verschiebung minus 1 Punkt): 


usw. 
CP OL, 
GERTAARS 
ERAURER6G 
= 0 
Sat inel 
rs) een 
P =12 


Treten einzelne Buchstaben in den Worten 
mehrfach auf, so wird der Zeitaufwand für 
die eindeutige Aufarbeitung der Vergleichs- 
matrix selbst für den Computer relativ 
gross (bis zu 30 Millisekunden). Das Com- 
puterverfahren sieht deshalb eine stufen- 
weise Auswertung mit mehreren Vorprüfungen 
vor, durch die unähnliche Wortvergleiche 
vorweg ausgeschieden werden und schliess- 
lich die genaue Auswertung und Berechnung 
des Âhnlichkeitsmesswertes nur für etwa 1 
Promill aller Konfrontationen durchgeführt 
werden muss. Die erste derartige Vorprüfung 
stellt z. B. nur fest, ob in den beiden 
Vergleichsworten ohne Rücksicht auf die 
Buchstabenreiïihenfolge genügend gleiche 
(bzw. ähnliche) Buchstaben überhaupt vor- 
handen sind. Diese Vorprüfung verwendet 
hiefür einen Signiercode (und beansprucht 
nur etwa 20 bis 30 Mikrosekunden Computer- 
zeit): 


AMENIMONU B, DAGARSMYS Fr H 
BONAPARTE D 'I I IT I Le 
POPART I I IT I I 
Ergebniscode I I LEE FACT A = 6 


Die Methode der Buchstabenkorrelation ist 
für folgende Computertypen bisher program- 
miert: 

- IBM 360/65 

- IBM 360/50 

- IBM 370/155 und 

- IBM 1130. 


Anmerkungen 

Die Urheberrechte für die wirtschaftliche 
Ausnützung der angegebenen Methoden (z. B. 
für Fragen des automatischen Markenver- 
gleiches) bestehen zu Gunsten der ÜGEFA, 
Üsterreichische Gesellschaft für Arbeits- 


technik und Betriebsrationalisierung Ges. 
m.b.H., Wien 1, Strauchgasse 3, die vom 


Üsterreichischen Patentamt mit der Ration- 
alisierung des Markenschutzamtes beauftragt 
war und auch die Kosten für die erwähnten 
umfangreichen Untersuchungen déckte. 

Für Detailauskünfte steht der Referent, 
F. Neeb, À 1210, Schippergasse 49, der die 
genannten Verfahren entwickelte und Unter- 
suchungen leitete, gerne zur Verfügung. 

Ein Ergebnismuster der Computerresultate 
eines Schutzmarkenvergleiches liegt als 
Anlage bei. 
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ESKIMENTA MENTESKI +03490 | 
ESKIMENTA MENTASKI +03491 
ESKIMENTA ASPIMINT +05850 
ESKIMENTA VINETA +03833 { 
ESKIMENTA EXOUIVERTA +06915 t 
ESKIMENTA NESTA +01181 . 
ESKIMENTA SINT ANNA +01082 
ESKIMENTA COMBITHEN +04705 
ESKIMENTA ANTA +04647 
ESKIMENTA MINA +05896 
ESKIMENTA SKAIVENUNK +06908 


FROST FROST +03442 
FROST ROST +02249 
FROST FORST +02296 } 

FROST FRIST +05813 | 
FROST WROTH +01101 
FROST FORTH +04666 
FROST VROZ +05814 
FROST FLOROST +04667 
FROST FEROS +01102 
FROST ROSTE +03488 
FROST DEFROSTIN +03489 
FROST FO +06937 
FROST RO +07962 
FROST KROT +06938 
FROST ARO +01188 
FROST TRO +04739 
FROST FLAROT +05788 


HELPA SHELBA +02294 
HELPA ELBA +01100 
HELPA ALLHELPAL +03487 
HELPA HEILA +04064 
HELPA HILPO +05811 
HELPA HEILPAH +04663 
HELPA PAPEL +02293 


Anlage 


Systems development in hospitals using a 
‘top-down’ approach 


D. MILLINGTON 
Chief Systems Analyst, 


The University of Liverpool & The United Liverpool Hospitals, England 


Introduction construction in Liverpool. It will contain 
A new teaching hospital of approximately also a large accident and emergency 

850 beds, and with an estimated 160,000 department and extensive service depart- 
outpatient attendances per year, is under ments. Full operation will be achieved in 


7e 


1975, by which time several older hospitals 
in the teaching group will have been 
closed; others will have a changed role, 
and additional units and services will have 


joined the group. 


In 1965 the Nuffield Medical Data 
Processing Unit (NMDPU) was set up 
Within the Department of Computational and 
Statistical Science, University of Liver- 
pool. This unit was financed by the 
Nuffield Provincial Hospitals Trust, and 
was concerned generally with computer use 
in medicine and hospital work. It was also 
concerned specifically with a study of 
possible computer applications in the new 
teaching hospital. 

With the later expansion of the health 
services commitment to experimental compu- 
ter use, support was received from the 
Department of Health and Social Security 
(DoHSS). Total responsibility for the 
project in respect of the new teaching 
hospital passed to the United Liverpool 
Hospitals (with finance from the DoHSS) at 
the end of 1970, This marked the start of 
the main systems study to be completed 
this summer. 


Methods of systems analysis 


1. "Systems analysis' in the context of 
computing is still sufficiently young for 
it to be necessary to start by defining 
terms. Chandor, Graham and Williamson 
(1970) note that, 

Systems analysis as an activity existed 

long before computers were invented: the 

art of analysing methods of doing things 
and designing and implementing new and 
better methods has been applied ever 
since mankind organized itself into 
social groups. 


para — 


TOP-DOWN 
BOTTOM-UP 


Fig.1 Types of systems analysis 


COMPUTER 
USE 


N.M.D.P.U. 
SYSTEMS ANALYSIS 


"TRADITIONAL"! 
SYSTEMS ANALYSIS 


They go on to suggest that ''Systems analy- 
sis is the name given to the technique of 
determining how best to put this powerful 
and expensive tool (the computer) to work''. 

First then, it is important to see that 
systems analysis may be concerned solely 
with the use of computers to improve sys- 
tems, or may consider a variety of other 
means for the same purpose, Even with the 
first of these the analyst must recognize 
that computer use may not be the best 
solution to every problem. 

Whether systems work is computer-oriented 
or general, five stages are required: 

L Investigation (also called fact-find- 

ing). 

ii Analysis of the system. 
i Design of an improved system, 

iv Implementation of the new system. 

v Performance monitoring for the new 

system, 

The whole of this work is most appropriate- 
ly called ‘systems development'. Subseque- 
ntly in this paper "systems analysis' will 
be used to mean only stages (i) and (ii). 


2. Most often an analyst is presented 
with a well defined application for which 
computer use is to be developed, After 
systems analysis, a new system is designed 
and implemented, and then the extension of 
computer use to associated tasks is consi- 
dered, An alternative approach, which is 
less commonly used, is to perform systems 
analysis for a wider group of inter- 
dependent applications, and to then 
perform system design and implementation 
for individual applications on a priority 
basis, For reference purposes it is useful 
to call these approaches: 'bottom-up' and 
‘top-down' respectively. 

Within the Liverpool project the original 
question, ‘What could a computer do in the 


GENERAL 


B.I.5eA0De 


ORGANIZATION 
AND METHODS 
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new teaching hospital?!" was a direct 
invitation to apply a top-down technique 
oriented towards computer systems. The 
methods devised, referred to on Fig.l as 
"NMDPU Systems Analysis', are discussed in 
the next section of this paper. They were 
developed as the work progressed, 

When at the start of 1971, complete 
responsibility for the project passed to 
the hospital group, it was decided to fit 
the systems analysis work into a more 
widely used method. This method was known 
as Business Information Systems Analysis 
and Design (BISAD), which is outlined in 
Tagg (1969), and used extensively by 
Honeywell. As implied by the name, the 
method is concerned with analysing the 
structure and usage of information in an 
organisation. Consideration of the use of 
a computer is specifically not a part of 
the system analysis stage and arises only 
in design. 

Figure 1 classifies the two approaches 
to systems analysis to be discussed in 
this paper, and suggests bottom-up tech- 
niques which can be classified similarly. 


Systems study in the N.M.D.P. unit 


1. In seeking to analyse the scope for 
computer use in a hospital, there were 
initially: 

i No imposed limitations in respect of 

what work might be considered, 

ii No specific limitations in respect of 

the computing equipment that might be 
made available for implementing a 
system. 
Limitations would be determined from the 
findings of the study, and would be con- 
tained in implementation proposals arising 
from it. 

The fact-finding stage was organised to 
cover all departments and areas of work 
expected in the new hospital (some 60 
headings, in all). Information was gather- 
ed primarily by interviewing, strongly 
supported by reading and observation It 
was recorded in narrative form with flow- 
charts and with copies of relevant docu- 
ments — particularly copies of the forms 
in use. Some features of a hospital became 
apparent quite quickly. These are: 

i Many departments do tasks which are 
similar to those in other depart- 
ments, e.g. making appointments for 
patients, or stock control and re- 
ordering for drugs, 
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sterile supplies, 


blood, etc. 

ii There are some jobs which may be 
performed in one of several differents 
departments, e.g. the documentation 
of admissions can be performed in È 
the ward, in the admissions office, 
or in the accident and emergency ; 
department. . 

iii Some departments are too wide in 
their range of activities to be 
simply handled as a single unit — 
particularly 'wards', "operating 
theatres' and 'outpatient clinics!; M 
activities in these departments can 
be usefully subdivided into, say, | 
housekeeping, patient care organisa- 
tion, patient care performance 


(nursing service and medical service). 
and staff organisation. 


2. In order to take further the analysis 
of hospital work, it was found preferable 
to consider a list of some 80 or 90 ‘areas! 
These were more related to jobs, than to 
the locations where they were performed — 
although some were still quite definite 
departments. 

The similarity of tasks found in differ- 
ent departments (mentioned as (i) above) 
led to the wish to show as part of the 
systems analysis not only what tasks the 
computer might do, but also the extent to 
which these tasks were common to several 
areas. This was achieved by listing for 
each area the procedures requiring infor- 
mation storage and retrieval, communica- 
tions or calculation. (It was assumed that 
a computer could provide these facilities.) 
To show commonality of tasks in different 
areas, it was necessary to formalise the 
idea of a procedure, and also the means of 
specifying it. The nature of the ‘language! 
established, and the extensive lists of 
procedures produced are to be published 
later this year, It is sufficient here to 
illustrate the level at which they were 
drawn. 


3. Figure 2 shows eight procedures which 
might be required in many different areas 
(e.g. wards, theatres, laboratories, X-ray) 
when requesting any one of several services 
(e.g. outpatient clinics, internal trans- 
port, electrocardiography, etc.). Some 
procedures were quite elementary in that 
they may do no more than directly access 
or update a single file. Others processed 
several files. The designation of the pro- 
cedures in Fig.2, as a "group', with a 


6 CLINICAL SERVICE REQUISITIONS - USER AREA 


1 Request service for patient 

2 Modify data in Service Transactions * 
3 Retrieve data from Service Timetable * 
4 


Retrieve data from Service Trans- 
% 


actions 
Cancel service for patient 


Retrieve data from Service Reference 
Information * 

Retrieve data from Patient Timetable 
Check requested time of service from 
Service Transactions * against free 
times from Patient Timetable for 
acceptability. 


Fig.2 A group of procedures 


group reference which could be used in the 
procedure list for each appropriate area 
emphasized the commonality of tasks in 
those areas. For many groups, a parameter 
in the group reference could be chosen to 
show the particular purpose. Thus the 

group of Fig.2 might be listed as "6 Requi- 


was then the value of a parameter, which 
provided sub-titles for the general file 
names used, "i.e.t in Fig.2, it replaced the 

against Service Transactions, Service 
Timetable and Service Reference Informa- 
tion, 

Groups are of interest fers because: 

i They represent another level of sys- 
tem structure. 

ii They arise from the commonality of 
function found in different parts of 
the hospital. 

iii They introduce the idea of a para- 
metric approach to systems specifi- 
cation. 

The picture of the hospital's scope for 
computer use can be shown as in Fig.3. The 
hospital is formed of areas; areas are 
formed of procedures and groups of proce- 
dures. 


4. Growing out of the use of groups, 
came the concept of 'systems' of logically 
related groups and individual procedures, 
For example, as well as the group shown in 
Fig.2 for clinical service requisitions in 


sition for physiotherapy'. Physiotherapy the user area, there was a similar group 
for non-clinical service requisitions and 
HOSPITAL 
GROUP GROUP 
PROCEDURE PROCE DURE PROCEDURE PROCEDURE 


Fig.3 The analysed structure 


7% 


PROCEDURE 


PROCEDURE 


PROCEDURE 


PROCEDURE 


GROUP 
RER RE AR 5 | 
| SYSTEM | SYSTEM SYSTEM SYSTEM 
RER = L 118 
PA 
DS A 
ET — <— *| 
0] 
HOSPITAL 
LS A e.. = 1 


Fig.4 The synthesised structure 


groups to cover the needs of departments 
providing services; all of these were 
logically within a 'servicing' system, as 
were a number of individual procedures in 
various areas. The thirty or so groups 
which were used, fitted into some six or 
eight systems, but time was insufficient 
to attempt to allocate all procedures in 
area lists to those systems, or to estab- 
lish what additional systems were required. 

Figure 4 shows how the synthesis of pro- 
cedures for computer implementation start- 
ed to develop. Broken lines indicate parts 
of the structure which were incompletely 
defined. 


Application of BISAD 


1. The BISAD method was originally out- 
lined in Tagg (1969), and has been presen- 
ted more recently in Benson (1971). Sys- 
tems analysis is performed so that the 


over-all information needs of an organiza- 
tion can be recorded and analysed, while 
the work done in the organization is looked 
at on a functional rather than a depart- 
mental basis, The usual stages in the BISAD 
method are: 

d Background analysis. 

ii Functional analysis. 

iii System prototype design. 

iv. Working system design. 
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v Operational planning. 

vi System specification. 

vii Implementation and control. 
In this paper, discussion will centre on 
the first two stages and the picture of a 
hospital which has resulted. First though, 
it may be helpful to summarize the nature 
of the early stages of BISAD. 


2. Background analysis is an over-all 
look at the organization, to establish its 
objectives and role. An understanding of 
the nature of each task, or group of tasks, 
and of the information links between them 
is developed and forms the basis for the 
functional analysis stage. This latter 
results in the representation of the 
organization as a set of "functions! (e.g. 
in a business organization: marketing, 
inventory management, production planning 
and control, etc.). Each function comprises 
a number of 'activities' (e.g. receive and 
book orders, control stocks, schedule pro- 
duction, etc.). The interdependence of 
activities is recorded by setting down the 
necessary information flows between them. 
This is done both within and between func- 
tions. 

Prototype design creates an over-all view 
of what is proposed for development. It 
starts to show what the system will require 
in the way of resources and facilities (for 
both implementation, and ongoing use), and 


) 
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Mwhat benefits will accrue from its develop- 
ment. It is the basis for a comparison of 
bthe priorities for developing new systems 
“(including those which will use a comput- 
mer). It is also the framework in which such 

developments will be made. 

Subsequent stages of BISAD are concerned 

With the detailed specification and imple- 

 mentation of selected applications. 


3. The BISAD method applied to a hospital 
should provide at the end of the functional 
analysis stage, a representation of the 
hospital as a set of functions encompas- 
sing all of its activities. Within the 
Liverpool project, the range of activities 


to be considered was consciously curtailed 
at the start of the background analysis 
stage. This was possible because of the 
work performed ïin the NMDPU, and was 
preferable in relation to the project's 
timescale. Thus background and functional 
analysis has been performed in respect of: 
patient organization (including, for 
example, registration, service appoint- 
ments, admissions and discharges), the 
management of patient records, the organi- 
zation of stores usage and records, and 
the management of staff and staff records. 
It will be recognized that these headings 
are functional in nature and include 
activities in many departments. 


4. Background analysis extended fact- 
finding to several more of the present 
hospitals. This work was inevitably related 
to departments, and the set of functions 
established initially at the functional 
analysis stage reflected this circumstance. 
They were predominantly 'one-department! 
functions. For example, the team working 
on patient services produced functions such 
as: Ambulance Service, Anaesthetic Service, 
Appliance Service, etc. Separate functions 
in respect of goods were: Sterile Supplies, 
General Stores, Control of Pharmacy Store, 
Laboratory Stores, etc. An 'activity inter- 
face diagram' — which is one of the stand- 
ard documents in functional analysis — for 
one such function (Physiotherapy Service) 
is shown as Fig.5. Its contents should be 
regarded as illustrative rather than 
definitive. The solid rectangular boxes 
are the activities making up the function. 
The broken line boxes are other functions 
providing or receiving information. An 
activity interface diagram shows a summary 
of the information system, and, together 
With narrative 'definitions' of the acti- 


vities and information flows, constitutes 
the analysis of the system. 


5. On account of their departmental bias, 
the functions outlined in 4. of this sec- 
tion appear to be something less than the 
BISAD concept of a function. Certainly it 
might be expected that some "'generalized! 
functions could be defined to have applica- 
tion in a range of departments. Figure 6 
is a tentative interface diagram for a 
generalized service function. 

In practice, the step from departmental 
to generalized functions has been made 
either as a second phase of functional 
analysis, or as a first phase of prototype 
design. In the latter case, a common 
approach to system design for different 
departments is occurring even though the 
functional analysis is fragmented. One 
comment on defining generalized functions 
is appropriate. It is that such funct ons 
seem to be uncommon in the analysis of 
commercial and industrial organizations. 
They would most obviously arise in the 
analysis of a group of companies — possibly 
with the intention of producing an applica- 
tion package — but are unknown in small 
companies, For this reason such functions 
tend to lie outside the normal range of 
experience of systems analysts, and the 
ability to handle them takes time to 
develop. 


6. Diagrammatically, the picture of the 
hospital developed in the analysis stages 
of the BISAD method is shown in Fig.7 
(cf. Fig.3). The hospital is made up of 
functions and information passing between 
them. Each function is made up of activi- 
ties and information passing between the 
activities. À merit of the method is that 
systems design and implementation develops 
from this structure rather than re-shapes 
it, so that the figure corresponding to 
Fig.4 is also Fig.7 (inverted), 


Conclusions 


1. Two 
analysis 


approaches to hospital systems 
have been discussed in outline. 

In each, a particular advantage of using a 
top-down technique has been to show the 
extent to which tasks performed in an 
hospital are common to several departments. 
At the design and implementation stages of 
a computer project, this commonality should 
be capable of translation into common pro- 
grams. Such programs, because of their 
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Fig.5 An activity interface diagram 


general nature might be easily used outside 
the originating project. 

A second advantage of the methods is 

that implementation of selected priority 
applications should be able to take account 
of the general requirements of all appli- 
cations, including those coming later in 
time, 

2. In comparing the two methods, each 

has some advantages not possessed by the 
other. For the NMDPU work these are: 

i The formal language used, and its 
potential for development more gener- 
ally — possibly as a command language. 

ii The concept of using parameters, which 


allow a general procedure to be 
detailed for a specific use, 
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For the BISAD method, advantages are: 

i The structure used is a total one. 

ii The information flows necessary to 
the system are shown explicitly. 


iii The amount of detail recorded pro- 
gresses steadily from one stage to 
the next, 

It is probable that a methodology which 
included all of the advantages of both 
BISAD and the NMDPU work could be develop- 
ed from them, and that its use could 
contribute directly not only to the analy- 
sis of large systems, but also to the 
implementation of computer applications. 

3. There is, as always, a cautionary 
note for anyone proposing to use a top-down 
technique, It is that the time between 
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Fig.6 Patient services function 
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Fig.7 The analysed structure (BISAD) 


commencing a project and running the first 
application on the computer will be longer 
than if a bottom-up method is used. Addi- 
tionally the demands made on the organiza- 
tion's resources, including its systems 
development staff, may be greater. 

However, even these penalties may not be 
of continuing importance, since a systems 
analysis in one organization might provide 
a base for system design in several other 
similar organizations. 

4. That systems development for a large 
project will gain over-all from the use of 
a top-down technique is little in doubt — 
the same kind of approach is well establi- 
shed in other disciplines such as building 
construction and engineering. 
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À concept of micro-organisation for 
management information systems 


P. E. MARTIN 
INDUSTRA G.m.b.H., Zug, Switzerland 


. Explanation of title 


Whenever one hears or sees the key words 
Management Information Systems!'' these 
days, the tendency is to turn off — or 
turn the page. Nevertheless, this contri- 
bution hopes to add something special, even 
if the material is not altogether new. 
Contrary to popular thinking about MIS, 
this is an attempt to show how Management 
Information Systems can be started with a 
relativelÿ modest effort and bring about 
significant improvements in organization, 
communication, morale and profits in a 
relatively short period. 

Wat is understood by the term "'micro- 
organization'? It is the opposite of the 
Macro ‘Grand Design' approach used by many 
Systems Analysts. That approach, as you 
know, requires a global knowledge of all 
inputs, outputs, specifications of all 
interrelationships and pending structural 
changes in advance. I know of firms who 
have spent hundreds of man-years on such 
schemes. The dynamic pressures over the 
years usually inundate the planners with 
changes with which they cannot cope. Thus 
the macro-concept approach to information 
systems has proven to be unwieldy, time 
consuming, costly and very risky. 

While we respect the idea of the "Grand 
Design! as a stimulus for planning, it is 
impractical as a working tool. It's just 
too big and too vague to control. Our ex- 
perience over the past 7 years has brought 
us to another conclusion: start at the 
other end! Start with your smallest factors 
in an information system — the lowly data 
element. Learn to organize them correctly 
and then you can control all expansions, 
contractions or alterations of the system. 

But how can we establish the parameters 
of such a concept? 

Which and how many data elements are 

required? 

From which areas? 

What input logic should be used? 


What outputs do we want? 

What file organization is best? 

How much effort is justified for the 

TesUutts* 

These and other similar questions caused 
us to delve into the basics of information 
systems to see if our micro-concept could 
really provide us with good control, far 
faster and with minimum risk, of any given 


information system. 


Statement of the problem 


We first had to look for the real problem 
in designing information system. The clas- 
sical answer sounds easy: 

‘Get all information to the managers 

which they need to make the proper deci- 

sions.'! 
Those who have worked in the development 
of systems know the hollow ring of this 
answer. Unfortunately the vast majority of 
managers have never reflected upon what 
information they truly need with which to 
manage. 

Take in the subjective side of each 
manager — his idiosyncrasies, cultural 
background, business exposure — and one 
can be reasonably certain that no two 
managers would ever give you exactly the 
same set of control specifications to con- 
trol an identical job. 

If managers cannot tell us what they 
need, can good Systems Analysts tell them 
what is needed? This solution has often 
been tried, but found wanting. It is also 
very costly. Countless conferences are held, 
many heated debates ensue, Some managers 
resent the intrusion into their hitherto 
mystic domain to such a degree that they 
become the greatest stumbling-block to the 
very reforms they are paying for. Very 
seldom are the Systems Analysts on a high 
enough educational level to comprehend the 
business finesse which is required of the 
manager. 
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Thus in may opinion here is the "compre- 
hension gap' which is the crux of the 
problem in organizing efficient management 
information systems. 

- Systems Analysts are not qualified 
enough to understand the true manage- 
ment requirements. 

- Managers are not sufficiently aware of 


the potentials of computer applications 
to guide their 'braïn trust' in solving 


their problems. 


Card Types 


Card Type 
Card Name 
Date elements 
Input Form Number 
Used in Program 
Source Document nr. 
Labor Costs Per Annum 
Material Costs Per Annum 
Quantity used Per Annum 


etc. 


Programme - Programs 


Databank 


The normal business hierarchy accentuates 
this no-man's land between the two camps. 
This phenomenon is more evident in Europe 
than in the USA, for the European manager 
is by and large still loath to come to 
grips with such problems. His American 
counterpart feels no loss of pride or 
prestige if he rolls up his sleeves to 
work into the night with one of his Anal- 
ysts to crack a problem. The European boss 
is still apt to think such actions are 
beneath his dignity. 
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Program nr. 


Program Name 


Approved by 


Information Elements 


Programmer 


Requested by 
Input Card(s) 
Input/Output Files 
Outputs 
Program Language 


Change Number 


Programmer making Change 


Date of Modification 
Change Approved by 


Element Running nr. 
Short Name 

Full Name 

Picture (now) 
Representation (now) 
Fld. Length (now) 
Picture (future) 
Representation (future) 
Field Length (future) 
Carried on Card Types 


etc. 


Formulare - Forms/Documents 


Input Document /Output Report 


New Form Number 
Old Form Number 


Form Name 
Carried over to Card Types 


—Q Responsible for Form 
Approved by e 


Date Approved 
Information Elements 
Change Number 
Date of Last Change 
Size 
Purchasing Details 
Quantity used Per Annum 
Print Mode 
Date of Last Order 


EDP/Manual Outputs 


Report/List nr. (new) 
Report/List nr. (old) 
Name of Output 

Created by Program nr. 


/ 


3 Form nr. 
Information Elements 
Pages per Report/List 
Total Report Copies per Issue 
Labor Costs Per Annum 
Machine Hours Per Annum 
Responsible for Contents 
Requested by 
Approved by 


Material costs Per Annum Distribution 
Labor costs Per Annum Major User 
Periodicity 


Quantity Ordered 
Supplier etc. 


Importance etc. 


A possible linkage logic for information systems 
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An approach to a solution 


Let us postulate the following: 

8 To design a good MIS, managers and SA's 
must work together. 

6 For this we need some common ground of 
understanding. 

8 The best understanding results from 
common experience. 

8 This common experience can take the 
form of on-the-job training — e.g. a 
common project. 

8 This project should bring practical 
benefits to both sides and thereby 

S create the motivation. 

We are now faced with a challenge: what 
kind of a vehicle can we design to overcome 
the 'comprehension gap'? 

Such a training aid/work tool has been 
developed. We call it IDELOGIS. The chart 
shows how it looks. The basic idea is 
simple. 

6 Every bit of information which anyone 

thinks is of value is usually recorded 
in writing (Quadrant 1). 

8 In manual systems this original script 
is fused with other bits of informa- 
tion — edited, manipulated, transcri- 
bed — and emerges as a written report 
or list (Quadrant 4). 

$ In EDP we must employ a transfer medium 
to pick up specific data (punch card, 
key tape, etc.) (Quadrant 2). 

8 The machine manipulation of data is 
according to programs (Quadrant 3). 

6 Common to all phases of data processing 
are the data elements, certain of which 
provide us with linkage points. These 
data elements are stored in certain 
files. 

Our goal is to quantify certain key 
points of our information system so we 
have good bench marks with which to measure 
all future impacts. Let's see how this 
system does the job.... 


Quadrant 1 — Forms 


Here we want to know: 
how many forms 
carry what kind of information (data 
elements) 
from which structure points 
to which other structure points 


how often 

at what cost, 
We know that the handling of every data 
element costs money. Writing, printing or 
typing a date or name takes time. How much 
time can be efficiently measured with 
clerical MTM (Methods-Time Measurement) ? 


Having picked up all our forms we can 
readily list the 866 forms of Company 'X! 
according to the frequency of usage and 
determine the labor content of each with 
MTM. This, times the frequency per annum, 
gives us the total labor cost per form per 
annum, Add to this material cost plus over- 
head and we arrive at our forms cost factor 
of the information system. 


Quadrant 2 — Card types 
We do the same for the card types. Again 
we quantify — 

how many 

carry what kind of information 

from which forms 

into which files 

how often 

at what cost. 
Key punching takes time. Personnel costs 
are considerable, Labor costs for each 
card type can be measured by MTM. Multiply 
by, the frequency. Add the material costs, 
machine rentals and overheads — and you 
have your input cost factor of the informa- 
tion system. | 


Extend the same logic to Programs 
(Quadrant 3) and Outputs (Quadrant 4). 

When we finish we know the total data 
transaction volume in any given segment of 
time as well as the costs of the existing 
information system. We are now in a posi- 
tion to measure every additional impact on 
the system. For example — add another form 
with 12 data elements to be processed by 
EDP and you have increased costs in all 
four quadrants by known amounts. 

Likewise by reducing the redundancy of 
data entering the system — eliminating 
forms, card types, outputs — we can measure 
our savings at once. This result is very 
valuable for we now have the catalytic 
agent we were seeking! 

- Systems Analysts begin to see the total 

interaction of their system. 

- Managers see the physical load on their 

people caused by the information flow. 
For the first time, they believeuthe 
costs. 

Using normal intelligence the team can 
now devise all manner of improvements to 
the existing information system, or can 
fashion new ideas. 

We also now have the quantitative bench 
marks we need for control. We can now 
substitute a completely different structure 
than the one we now have and sort all our 
forms and reports according to new struc- 
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ture parameters. 

So much for the theory. Let's look at 
some cases where we have applied this con- 
cept and examine the results. 


Practical cases of application 


Case ‘A° 
A very large European company which reali- 
zed minimal benefit. 


Situation 

- Flourishing firm — parent company of 
world-wide enterprise. Long experience 
in data processing, mainly in account- 
ing, payroll. Recently started scien- 
tific analyses using teleprocessing to 
a very large remote machine. 

- In house machine: 128 K. 

- EDP documentation: poor, non-standard. 

- Control of machine and personnel costs: 
almost nil. 

- Firm wanted to convert to a very large 
in-house machine to take care of all 
requirements. Needed overview of total 
situation to plan conversion. 


Activity 

- Concentration of the consultant was on 
Quadrants 2 and 3 plus the data ele- 
ments in the EDP system. 

- (Parallel to this we were putting into 
operation a work preparation center for 
EDP, establishing job control cards 
for computer runs, reorganizing the 
tape library, designing a standard 
documentation system for programming 
and operating and the like.) 


Results 
- With 18 man-months of effort only for 

the information and pick-up side in a 
6 month period, a very good picture of 
the work being done emerged. We then 
systematically reorganized the work 
flow, eliminating many useless steps. 
Net'effects: 

- lower costs of input, 

- reduced returns due to poor input 

preparation, 
- cut lost time on computer by 485%. 


The increased efficiency was calculated at 

roughly SF 500,000 p/a. In the new organi- 

zation which was installed in the Division, 
a strong Corporate Organization Department 

was planned which was to have continued the 
work done in Quadrants 2 and 3 and include 

Quadrants 1 and 4. 
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However, due to internal difficulties 
this idea of central control was rejected 
by other Division managers. They preferred 
to hold on to their prerogatives of inde- 
pendence. After a two year struggle, the 
dormant Department was eliminated. The idea, 
which had brought visible benefits even in 
its crudest form expired due to undernour- 
ishment. Had it been carried out as envis- 
aged, that firm would easily be saving 
several millions of Swiss Francs per annum 
today, 


Case ‘B° 
A small European company which realized a 
good benefit. 


Situation 

- Marginal subsidiary of large parent 
company. 

- Only recent experience in data proces- 
sing. Payroll, purchasing, stock con- 
trol, work roùüting sheets,. 

- In house machine: 16 K. 

- Documentation: fair, standard. 

- Control of machine and personnel costs: 
good. 

- Firm wanted to improve communications, 
change their structure, increase effi- 
ciency, lower operating costs. 


Activity 

- Concentration of the consultant in all 
4 Quadrants, with priority in Quadrants 
1 and 4. 

- (This was dictated by the fact that a 
new organization structure had been 
decided upon, and it was now necessary 
to adapt the information system to the 
new structure by a given deadline.) 


Results 

- With 22 man-months of effort in 7 
months the total pick-up in all quad- 
rants was carried out except for data 
elements on forms and reports. This 
was to be done in a second step of 
refinement. 

- À rough cut in forms (32%) and reports 
(15%) was carried out first to corres- 
pond with the new distribution pattern. 


Knowing exactly where they stood in the 
existing information maze, the consultant- 
client team could now study the flow logic 
and reassign the forms and reports routing 
according to 'need-to-know' criteria 
established by management and analysts. 

A new management was installed by the 
parent company to head up the new struc- 


ture. Unfortunately, the new management 
considered this system only as a tool which 
helped them to convert the organization 
smoothly on 'D'-day, but its potential as 


‘a cost and information control tool has 


been since neglected. 


Summary 


Shart-range benefits of micro-organization 

If Managers and Systems Analysts agree to 
develop this system together, it can be 
one of the most fruitful training devices 
for both parties. One learns by doing, and 
both must grow into this logic. 

Once the total information package 
becomes visible, it can be controlled. Not 
only can costs be substantially reduced 
(e.g. 25-30% of the forms cost factor is 


easy to achieve) but the great amounts of 


time wasted by valuable people to fill in, 
read, edit, recalculate, discuss and file 
useless data can be systematically reduced. 

A tighter, clearer information system 
promotes better response, improves morale, 
raises performance, increases pride in 
organization and voluntarism. 

Worthy of special mention is the capa- 
bility now given us to trace precisely any 
given data element change in the system. 
Take for example the need to increase the 
length of the product number. Via IDELOGIS 
linkage we can obtain exact listings of: 

8 which forms carry the data element, 

8 which card types need to be modified, 

8 which programs have to be changed, 

8 which outputs are affected. 

This precise check sheet makes it a simple 
matter for the Chief of Organization to 
estimate the work load and distribute the 
tasks to his team. 

Systems security — knowing that every 
point is covered where the data element 
impacts — is actually a by-product. What 
this saves in terms of time and headaches 
when compared with the hit-or-miss conven- 
tional maintenance can be appreciated only 
when you have experienced both methods. 


Long-range significance of micro-organization 


To this point we have discussed mainly the 
application of the concept. But let us now 
step back and look at the Systems-thinking. 

- Is it not so that every activity we 
undertake needs a specific minimum of 
data elements which transmit informa- 
tion to permit execution of the cyber- 
netic cycle? 

- If so, do we not need the capability 
of measuring what has just happened, 
or what is now happening, to permit us 
to take corrective action within given 
tolerances? 

As a model, IDELOGIS meets these require- 
ments. 

The data elements used in the stated 
cases fit industrial requirements. By sub- 
stitution and addition of other data ele- 
ments we can tailor the system to serve a 
police force, hospital, bank or government 
ministry. This gives the system its univer- 
sality. 

Our objective was to improve the effici- 
ency of information systems. To accomplish 
this we had to have a method to obtain 
good measurements and control. It stood to 
reason that the more compact the system, 
the easier to do the job. As you have seen, 
this concept of micro-organization puts you 
in control of the cybernetic cycle in a 
relatively short period of time and at 
reasonable cost. Using it — even imperfect- 
ly — we have improved the efficiency of 
information systems. 

The development of IDELOGIS ïis by no 
means completed. We are still making 
improvements. In the meantime we have 
gained a healthy respect for its potential. 
Looked at philosophically we regard it as 
a sort of Periodic Table for Information 
Systems. 

In closing may I express the hope that 
you have gained a new appreciation of the 
much-abused term ‘Management Information 
Systems". 


85 


Visions of cybernetic organizations 


DR R. F. ERICSON 
Department of Management Science, 


The George Washington University, Washington, D.C., USA 


Introduction 
A word like 'visions' may seem an unlikely 
candidate for inclusion in the title of a 
paper for presentation to a meeting of 
scientists. Yet I have chosen to risk its 
employment, because of need to emphasize 
that it is precisely the leading edge of 
modern cybernetic science that I wish here 
to consider. It is this edge where imagery 
becomes such an important tool of the 
scientist. Thus, the word vision is used 
essentially in the following definitional 
contexts [1]: 

"Something seen otherwise than by ordi- 

nary sight... the act or power of per- 

ceiving mental images... a vivid concept 


or object of imaginative contemplation 
11 


CCE) 


The essence of the following argument is 
that while man has amply demonstrated 
remarkable skill in making his "science 
fiction! visions come true when it comes 
to dealing with nature, he remains largely 
inhibited and constraïined when it comes to 
creatively generating potentially realiz- 
able images with respect to his own organi- 
zational and institutional arrangements, 
The contention is that this asymmetry per- 
sists largely because man has only recently 
come to dim realization of the magnitude 
of the costs and penalties associated with 
his not having utilized a general systems 
frame of reference when assessing the 
human/social impacts of technology. True, 
the United Nations Conference on the Human 
Environment which will occur in Stockholm 
next month (June 5-16, 1972) is evidence 
of world-wide governmental and non-govern- 
mental concern which has so belatedly been 
focused,. But widespread recognition is yet 
to emerge that, at a deeper level of the 
interactional forces which shape man's 
destiny, this same kind of general systems 
framework is essential to a comprehension 
of institutional dynamics, 

In part, it may be that this institution- 
al lag originates in man's inability to 
cope with systemic inertias manifest when 
he deals with himself and his symbolic 
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artifacts. These are patently much less 
tractable than his technological artifacts, 
Yet, the clearly emerging reality is that 
symbolic and technological devices are 
inextricably inter-related, the consequen-, 
ces of which fact man ignores at his 
increasing peril. 

Therefore this paper proceeds in the 
spirit so well phrased by H. Simon over 
a decade ago, when he wrote [2]: 

"MI do not apologize for extrapolating 

beyond our present certain knowledge. In 

our kind of world, those who are closest 
to important new technical innovations 
have a responsibility to provide reasoned 
interpretations of these innovations and 
their significance. Such interpretations 
should be, of course, the beginning and 
not the end of public discussion. But 
they cannot be made at all without extra- 
polation from present certainties into 
future probabilities.!! 

Succinctly, my purpose is to extrapolate 
the likely and the potential organizational 
impacts of cybernetic technology, to assess 
the major reasons for the inadequacy of 
institutional response to date, and to 
suggest how general systems concepts pro- 
vide a way of envisioning new modes of 
dealing with the urgent problems associated 
with the management of modern large-scale, 
complex organizations. 


The man/machine interfaces: paranoïc and euphoric extrapolations 


It seems likely that, in the case of the 
first-rate scientist at least, his disci- 
plined imagination has often proven an 

even more potent tool than his analytic 
skills. Science and accompanying technology 
have had increasingly general and profound 
impacts upon all phases of man's experi- 
ence in this century. Therefore imagination 
and vision have become prime human requi- 
sites for practical effectiveness in deal- 
ing with cybernetic technologies. For 
example, it is now commonplace to recognize 
that a major constraint on effective utili- 


zation of the intellectual power inherent 
in contemporary large-scale computer 
systems (such as the IBM System/370) 
derives from the human user's frequent 
_ inability adequately to express what is 
wanted from the system. 

In part, at least, this tendency toward 
conceptual inadequacy may lie in man's 
latent fear of his creation. In a colloquy 
held eight years ago, for example, there 
was very strong reaction by several 
intellectually sophisticated participants 
when the nuclear physicist Amos de Schalit 
indicated that, in his judgment, man had 
already "lost the race"! to his creation 
cybernetic computer technology [3]. The 
most man could hope for now, in de Shalit's 
view, was ‘'parity'' with the machine. (And 
he thought this would become evident by 
the end of this century.) 

It is not that such prognoses as de 
Shalit's come upon us with any great sense 
of ‘future shock'' — to use Alvin Toffler's 
suggestive phrase. For many years we have 
been almost literally deluged by such 
foreshadowing evidences of the emerging 
man/computer partnership. And for at least 
the past decade or so, there has been 
growing evidence of the wide spectrum of 
cybernetic impact: Music composition [4], 
laboratory research [5], movie production 
[6], and even machines that ‘'emote'"' [7]. 
These are but a few examples of early 
indicators of the exponentially rising 
curve delineating the growing pervasiveness 
of cybernetic technology. 

Many lines of research have been and are 
being pursued in the quest for a viable 
cybernetic model of artificial intellig- 
ence [8]. In the field of organization and 
management, however, the work of Herbert 
Simon is noteworthy [9]. His well-known 
preoccupation with heuristics dates well 
back into the 1950s, when he joined with 
Allen Newell in boldly — some would say 
foolishly — asserting [10]: 

"In short, we now have the elements of a 

theory of heuristic (as contrasted with 

algorithmic) problem-solving; and we can 
use this theory both to understand human 
heuristic processes and to simulate such 
processes with digital computers. Intu- 
ition, insight, and learning are no 
longer exclusive possessions of humans: 
any large high-speed computer can be 
programmed to exhibit them also." 

The fact is that now, 15 years later, 
many competent cyberneticians apparently 
would still dispute that the essence of 


Simon's 1958 assertations have been 
realized, Nevertheless, despite whatever 
merit there is in such doubts, the trend 
toward its realization is undeniable [11]. 
And that is the point which is of most 
concern in this paper; for we are here 
addressing ourselves to the influence of 
visions upon the unfolding of realities. 
Perhaps the most forthright and visibly 
dramatic impact of cybernetics upon man is 
that dimension which emanates from — or at 
least, is early exemplified by — the early 
homeostatic machines of Grey Walter and 
Ross Ashby. In recent years there has been 
a plethora of cybernetic hardware (and 
implicitly, software) which manifest 
realization of the principles inherent in 
the Ashby-Walter devices. Again, examples 
abound to such an extent that the vision 
represented in, for example, Clark's 
"cyborgs!' [12] (cybernetic organisms) are 
rapidly becoming realities, as the whole 
artificial entity'' phenomenon suggests 
[13]. As a concrete recent instance, 
Stanford University's ''Shakey'"' is reported 
to have reached that state of development 
at which it [14] 
"can explore a room, remember some of 
the contents, and proceed to deduce what 
must be done to accomplish a simple goal 
....wWhen ordered to push a box off a 
platform, Shakey will find a ramp some- 
where in the room, shove it against the 
platform, roll up the ramp, and push off 
a box...,.. the machine can scan a 
random array of blocks and determine the 
size, position, and orientation of each. 
At the spoken words, ‘''Stack the small 
blocks at upper right,'' for instance, 
the computer plans what steps are 
required. Then the arm carries out the 
assignment, turning and adjusting as 
necessary to grasp each block by the 
sides and lower it on top of the pile. 
But the machine is still baffled by 
irregular objects.!! 
And a Reuter's dispatch from Moscow only 
last month indicated that [15]: 
MA robot working as a tramcar conductor 
in the Soviet town of Kaliningrad greets 
passengers, calls out stops, and punches 
tickets. À photograph in the Soviet 
Party newspaper Pravda shows it to be a 
science-fiction figure, standing bolt 
upright and grinning mechanically from 
behind a visor.!" 
In a similar vein, at the General Motors 
Corporation recently inaugurated highly- 
robotized Lordstown, Ohio, factory, it is 
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reported that much of the reason for the 
labor unrest — which ultimately led to a 
strike a few months ago — that has persist- 
ed almost since the plant's opening is 
attributable to the fact that the human 
workers tended to be allocated the menial 
jobs, leaving the more difficult tasks to 
the numerically-programmed humanoids. 

The foregoing visions of man in relation 
to his cybernetic creations might be 
characterized as the Paranoïid Extrapola- 
tion. In my judgment, it is as unwarranted 
a vision as is implied by the Euphoric 
Extrapolation — i.e. that man is a 
Mcreature of God'' and that therefore a 
mysterious ingredient is found in his elan 
vital, not replicable otherwise. The posi- 
tion taken in this paper is that IF — and 
this may be a very large 'if', to be sure 
— man will now choose to focus attention 
upon the new realms of value choices being 
generated by cybernetic information sys- 
tems, he may yet be able to exploit them 
for his general and long-run weal. But this 
will require, as a first step, a new 
EGALITARIANISM between man and computer. 
The extrapolative orientation in this paper 
is therefore comparable to that expressed 
in Simon's work alluded to above, in which 
he takes the following open stance [16]: 

"'Perhaps in the preceding paragraphs I 
have yielded to the temptation to paint 
a Utopian picture of the organization 
that the new decision-making techniques 
will create. If so, I have done so from 
an urge to calm the anxieties that are 
so often and so unnecessarily aroused by 
the stereotype of the robot. These anxi- 
eties are unnecessary because the exist- 
ence in the world today of machines that 
think, and of theories that explain the 
processes of human thinking, subtracts 
not an inch, not a hair, from the stature 
of man. Man is always vulnerable when he 
rests his case for his worth and dignity 
on how he differs from the rest of the 
world, or on the special place he has in 
God's scheme or nature's, Man must rest 
his case on what he is. This is in no 
way changed when electronic systems can 
duplicate some of his functions or when 
some of the mystery of his processes of 
thought is taken away." 

We need not necessarily interpret evolv- 
ing cybernetic understandings as was done 
in a report a few years ago entitled 
‘Cybernetics and the death of God: New 
Dimensions in Decision-Making', for appar- 
ently at least some clerics find it possi- 
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ble to construe events quite differently 
REP 

",.. Does the priest think that this 

(computer) evolution is something man 

need fear? 

On the contrary, he (Father Arthur 
Gibson) thinks it could have a good a 
effect, particularly in unknown areas, | 
"They give us insight into our own psych 
es, aid us in the solution of environ- 
mental problems, and help us unlock the 
mysteries of genetics,'' he said. 

Computers could become tools of 
evil, but he feels they are less prone ton 
on their own, because human frailties 
like original sin and low morals are 
transmitted biologically., The computer is 
not biological." | 

The last sentence quoted raises one final 
point that needs emphasis as we complete 
this brief sampling of cybernetic evolution 
relevant to the management of contemporary 
organizations: cybernetics appears to fore- 
shadow increasing difficulty in specifying 
what constitutes ‘biological evolution'. 
Over a decade ago Stafford Beer called for 
a new morphogenesis [18]: 

"MI consider that the race of ever more 

gargantuan computers, with their tremen- 

dous specialization (in the morphologic- 
al, not applicatory, sense), and with 
their frenetic struggle to impose yet 
more categorical order on a chaos of 
flying bits, will eventually go like the 
dinosaurs. Something more brain-like will 
have been found; something more cheap; 
something self-organizing; something that 
will begin operations with the print-out 

‘order is more natural than chaos!." 

And recent events seem to portend just 
that. For example, a step in this direction 
is recently reported in the form of 
general-purpose ‘adaptable networks! simi- 
lar to Simon's heuristics. This approach 

is contrasted with computer algorithms, 
because it is said to learn to control 
industrial process or aircraft dynamics 

"by noting the reactions of an experienced 
human operator to changing circumstances 

or by performing small experimental move- 
ments of the controls to reach some optimum 
goal'' [19]. 

So we must accept that cybernetic tech- 
nologies will eventually — and perhaps 
sooner than later — provide man and manage- 
ment with very effective techniques for 
self-regulating process and environment 
control. The capacity definitively to con- 
trol is best taken as a foregone conclu- 


sion. We live in a time when to be 'radi- 
cal' in one's outlook is a most "'conserva- 
tive! position. These are not the questions 
which beg to be addressed. Rather, it is 

the general systems frame of reference 
upon which our attention should now be 
fixed. Only a general systems point of 
view is likely to provide the transcontex- 
tual, interdisciplinary, multilevel analy- 
tic environment essential to synthesis of 
an appropriate response to the emerging 


realities. Many years ago Max Ways aptly 

… characterized the inherent dilemmas [20]: 
Within a decade or two it will be gener- 
ally understood that the main challenge 
to U.S. society will turn not around the 
production of goods but around the diffi- 
culties and opportunities involved in a 
world of accelerating change and ever- 
widening choices. What is different now 
is the pace of change, and the prospect 
that it will come faster and faster, 
affecting'every part of life, including 
personal values, morality, and religion, 
which seem most remote from technology... 
So swift is the acceleration that trying 
to ‘make sense of change' will become 
our basic industry. 
This is the challenge that must be 

accepted by the cybernetician and the 

general systems researcher. 


Cybernetics, general systems, and metasystems 


Given the urgency of the issues this paper 
seeks to address, it may seem a counter- 
productive digression to pause for a con- 
sideration of taxanomic and definitional 
snags. But sometimes these abstruse issues 
are vital. The following words of Russell 
Ackoff, written at the conclusion of a 
recent article where he sought to sharpen 
the differentiation between the cyberneti- 
cian (who tends to deal with 'organisms!') 
and the management scientist (whose pre- 
occupation is with 'organizations'), state 
the case nicely [21]: 
MDefining concepts is frequently treated 
by scientists as an annoying necessity 
to be completed as quickly and thought- 
lessly as possible. À consequence of 
this disinclination to define is often 
research carried out like surgery per- 
formed with dull instruments. The surgeon 
has to work harder, the patient has to 
suffer more, and the chances of success 
are decreased..... Like surgical instru- 
ments, definitions become dull with use 
and require frequent sharpening and, 
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eventually, replacement....." 

Apparently commonly in Europe and to 
some extent here in the United States, 
‘general systems' and 'cybernetics' are 
considered more or less synonymous [22]. I 
will argue, however, that if not conceptu- 
ally in error, this is a far less useful 
view than clearly to distinguish these 
analytical levels. (For that matter, 
neither do I subscribe to a blurring of 
the distinction between a "general systems! 
and ‘'systems' approach — but that is 


another matter which will be pursued later. 
[23]) Let me clarify what I do find the 
most effective treatment of these two con- 
cepts, and why. 

In a classic article in general systems 
literature, Kenneth Boulding delineated the 
‘hierarchy of systems' as follows (in 
ascending order of complexity) [24]: 

1. Frameworks: Geography and anatomy of 

the universe; taxonomic... 

2. Clockworks: Simple dynamic systems 

with predetermined, necessary motions, 
e.g. the solar system... j; 

3. Thermostats: Control mechanism; cyber- 

netic systems; homeostasis model... 

4. Open systems: Self-maintaining struc- 


ture; life vs. non-life: Level of the 
celles 
5. Plants: Genetic-societal level... 


6. Animals: Increased mobility; teleo- 
logical behavior; self-awareness... 
Specialized information-receptors... 
Increasing as we ascend the scale of 
life, behavior is not a response to a 
specific stimulus, but to an ‘image!’ 
or knowledge structure or view of the 
environment as a whole... 

7. Humans: Individual human being consi- 
dered as a system... Man's self- 
consciousness: He knows, and he knows 
he knows... Ability to produce, absorb, 
and interpret symbols... 

8. Social organizations: Content and 
meaning of messages; Dimensions of 
value systems; Transcription of images 
into historical records; Complex gamut 
of human emotion... 

9. Transcendental systems: Ultimates and 
absolutes and inescapables and unknow- 

<ables; Also exhibit systematic struc- 

ture and relationship... 
In concluding his analysis — made, mind 
you, over a decade and one half ago — 
Boulding expressed the doubt that ''beyond 
the fourth level, we have as yet even the 
rudiments of theoretical systems''. While 
that judgment cannot be accepted as a valid 
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AN EXAMPLE OF A ''GENERAL SYSTEMS'' MODEL: 
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James G. Miller's Living Systems'' Paradigm 
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characterization of the theoretical state 

of affairs in 1972, his final words do 

remain relevant [25]: 
Decience "for all its successes, still 
has a very long way to go. General Sys- 
tems Theory may at times be an embarrass- 
ment in pointing out how very far we 
still have to go, and in deflating exces- 
sive philosophical claims for overly 
simple systems. It also may be helpful 
however in pointing out to some extent 
where we have to go. The skeleton must 


come out of the closet before its dry 
bones can live." 
In this spirit we approach the task. 

Probably no other theorist has attempted 
a more comprehensive utilization of general 
Systems concepts than has James G. Miller 
[26]. He has used a "living systems'' refer- 
ence frame, identifying seven levels: cell, 
organ, organism, group, organization, 
society, and supranational system. Seven- 
teen ‘critical subsystems'' of living sys- 
tems are grouped into three types: 

1. Matter-energy processing. 

2. Information processing. 

3. À mixture of both of the foregoing 

types. 
Schematic 1 is an attempt to conceptualize 
a metasystemic model which integrates 
Miller's general systems paradigm with 
functional criteria associated with cyber- 
netics on the one hand, and with the 
traditional academic disciplines on the 
other. 

The hypothesis advanced by the schematic 
is simply this: that much of the core sub- 
ject matter of the departments of knowledge 
(as usually expressed in university organi- 
zation) is conceptually homomorphic. It 
seems likely that the substantive content 
of many of the essential ideas in the 
disciplines is capable of restatement in 
more highly abstract terms, such as those 
in the schematic. If — or rather, to the 
extent that — this is true, then the argu- 
ment reduces to this: that we would learn 
much more, systemically speaking, if we 
were to couch our disciplinary concepts in 
non-disciplinary — or perhaps one ought to 
say metadisciplinary — jargon. Again: we 
are suggesting that specialized disciplines 
tend to suboptimize, and that the implicit 
analytical reductionism carries a price 
whose high level we are only now, in this 
half of the twentieth century, beginning 
to understand, Expressed another way, the 
promise of general systems taxonomy and 
methodology is that it vastly increases 


our cross-disciplinary understandings and 
our suprasystem insights. Moreover, as 
J.W. Thompson's research led him to hypo- 
thesize almost a decade ago, the potential 
for interdiscipline-derived reciprocal 
learning is much enhanced [27]: 
"There thus appear to be fundamental 
processes underlying growth and instabi- 
lity which neither social scientists nor 
physical scientists have yet been fully 
able to explain, and it is suggested 
that by studying the ambivalent function- 


ing of convectional instability in 

meteorology, it should be possible to 

illuminate the following areas of study, 

(4) the physical and mental development 

of living organisms, (ii) the persuasion 

of persons or groups whether for purposes 
of therapy or by means of propaganda and 
advertisement, (iii) the development of 
interpersonal and intergroup relation- 
ships, and (iv) the study of economic 
trends. In all these areas there appears 
to be a critical developmental phase in 
which processes can function in one set 
of ways or another and thereby determine 
the pattern of behavior which is subse- 
quently established, It is also not 
beyond the bounds of imagination that the 
study of human behavioral processes will 
in time lead to a better understanding 
of physical processes associated with the 
weather"! 

The essence of the foregoing insistence 
upon differentiating a ‘general systems 
approach! from a 'cybernetic approach! 
derives from the view that cybernetic sys- 
tems are by far the most intersting level 
of systems with which we deal, but that, 
in terms of analyses such as Boulding's or 
Miller's, general systems is the more 
encompassing and the more ambitious. We 
have also sought to differentiate general 
systems syntheses from the systems analytic 
approach. The Society for General Systems 
Research is an institutionalization of 
this outlook, and perhaps these words of 
James Miller (its just-elected Vice Presi- 
dent) will serve to bring into sharp focus 
the position argued here [28]: 

"MAt each level there are scientists who 

apply systems theory in their investiga- 

tions, They are systems theorists but not 
necessarily general system theorists. 

They are general system theorists only 

if they accept the more daring and 

controversial position that — though 
every living system and every level is 
obviously unique — there are important 
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formal identities of large generality 

across levels. These can potentially be 

evaluated quantitatively, applying the 
same model to data collected at two or 
more levels...."! 

This paper cannot concern itself with 
methodological and epistomological problems 
more than to put in context this concern: 
that there is urgent — even critical — need 
for metasystemic research and theory. The 
urgency derives in substantial measure from 
our biophysical environmental problems the 
world over. But there also has been a 
growing moral and motivational issue 
characterizing industrial societies during 
the past decade or so. At the 13th Inter- 
national Congress of Management in 1963, 
for instance, it was felt that all over 
the world, there was evidence of a 
'dilemma of purpose". 

As the rapidly advancing telecommunica- 
tions technology has ‘brought us all to- 
gether' in one sense, it seems likewise to 
have dramatized the growth of systemically 
divisive forces. Suboptimization abounds,. 
Is this penchant for scientific reduction- 
ism related to the tendency toward systemic 
suboptimization? One can only speculate, 
but there may be a critical linkage. To 
the extent there is validity in ascribing 
this relationship, it follows that the 
production of increasingly viable metasys- 
temic models may pave the way for a lessen- 
ing of suboptimization tendencies. 

In his impassioned address to the Ameri- 
can Society for Cybernetics in 1970 in 
which he specified the parameters for The 
Liberty Machine, Stafford Beer succinctly 
stated the theme of his message: ''Planning 
is homologous with organization". His 
point was that an organization, if it has 
been unsuccessful in dealing with its 
environment, must look for terms of refer- 
ence other than those which it has been 
using, since they are being generated by a 
system unable to maintain homeostasis. 
Likewise, it is here being contended, for 
larger systems. Only if we are able to 
generate metalanguages for the communica- 
tion and interpretation of metadynamics, 
can we be sanguine about our ability to 
cope with organization/environment inter- 
faces. And we need continually to improve 
our ability to utilize metalanguages that 
deal with interacting systems in metasys- 
temic terms of reference. Viewed in this 
Way, general systems research may yet lead 
to metatheoretic formulations that will 
qualify in terms of the aphorism ascribed 
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to the social psychologist Kurt Lewin modi-= 
fied only slightly: ''There is nothing so 
practical as good (meta) theory!'. 

We are now in a position to address 
directly the major focus of this paper: 
the relevance of what has been developed 
so far, to the visions of organization 
which are conjured by modern cybernetic 
technology. 


Cybernetic organizations as a moral probiem 


Commencing in the 1950s the literature of 
organization and management has been 
replete with euphoric and dire predictions 
of the profound impacts likely to result 
from the introduction of computerized pro- 
cesses into management information systems 
[29]. For example, in their widely-quoted 
1958 article ‘Management in the 1980s', 
Leavitt and Whisler suggested that the 
emerging ‘information technology! would be 
built upon: 

1. À system analytic approach to organi- 
zation design. 

2. Unlimited utilization of the new 
capacities made available by the high- 
speed digital computer. 

3. Computerized simulation of high-order 
human thinking processes. [30] 

As a consequence, three major organization- 
al impacts were predicted: 

1. That organization structures would be 
flattened. 

2. That there would be a recentralization 
of control functions, 

3. That information technology would 
routinize many management positions in 
the reorganized structures, 

While subsequent research led Whisler to 
modify the third prediction somewhat, he 
concluded that the central issue in apply- 
ing what we are here calling the cybernetic 
approach to organizational structure and 
function was this: "Organizations deliber- 
ately designed not only to generate change 
but to be able to change themselves will 

be the best bets to survive in a research- 
directed society'' [31]. And in a recent 
book which reports the results of many 
years research in the life insurance indus- 
try, Whisler finds that current expecta- 
tions of computer users are for [32]: 

1. Changes in Organization structure 

a. Blurring of the traditionally sharp 
distinction between line and staff 
will continue, 

b. The issue of whether centralization 
will increase in the future will 


remain an open one for some time. 

c. Changes in departmental structure 
and alignment of functions will 
continue. 

d. A continued reduction of the cleri- 
cal workforce is foreseen by sever- 
al companies. 

e. Departmental structure will evolve 
toward functionalization. 

f. The organizational role and loca- 
tion of the computer function is an 
important and unresolved issue. 

2. Changes in job content 

a. Managerial jobs will continue to 
develop a higher and higher 
‘research' content. 

b. There will be a continued upgrading 
on skills at all levels, 

c. The need for managers to develop 
computer-related skills will in- 
crease, not diminish, 

3. Changes in decision-making 

a. Continuing development of larger 
computer systems within companies 
will further aggravate the problem 
of inflexibility and difficulty of 
change that already exists. 

b. In the future, there will be fewer 
decision-making executives, and 
these executives will find them- 
selves talking to an increasing 
number of specialists. 

But two ‘'inhibiting factors! were also 
identified: 

1. Slowness in exploiting the potential 

of equipment. 

2. Lack of understanding and imagination 

among higher-level executives. 

And this leads me back to the major focus 
of this paper: widespread opinion persists 
to the effect that cybernetics, interpreted 
as implying the substantial replacement of 
human input by machine (computer) input, 
is a threat and therefore is to be feared 
and resisted. Let me give an example of 
the kind of expressions which have led to 
and continue to exaccerbate such paranoïd 
reactions to cybernetic organization tech- 
nology. 

In my view the pronouncements of Donald 
Michael (now program director at the Uni- 
versity of Michigan's Institute for Social 
Research) over the past decade or so are 
indicative. In the final section of his 
1962 report 'Cybernation: The Silent Con- 
quest', Michael expressed the judgment that 
MAfter the Takeover'' [33]: 

“In twently years, other things being 

equal, most of the routine blue-collar 


and white-collar tasks that can be done 

by cybernation will be.... There will be 

a small, almost separate, society of 

people in rapport with the advanced com- 

puter.... (but).... We can foresee a 

nation with a large portion of its people 

doing, directly or indirectly, the end- 
less public tasks that the welfare state 
needs and that the government will not 
allow to be cybernated because of the 
serious unemployment that would result... 

..Obviously, attitudes toward work, play, 

and social responsibility will have to 

change greatly..." 
And just two months ago, at a meeting of 
the National Industrial Conference Board, 
Michael is reported to have produced a kind 
of trauma among the attending businessmen 
by expressing the following opinions [34]: 

- Information technology will be immature 
as a system for the next 20 years, the 
period in which our future way of life 
will be shaped. ''Few adults will have 
had the requisite education to develop 
the personal skills needed for full and 
constructive use of information techno- 
logy."! 

- The whole society will be playing with 
endemic distrust''". It will be a highly 
turbulent period, with overlapping and 
conflicting value systems. In this 
setting, those who have access to the 
most information will be distrusted. 

- There will be a ‘''progressive obsoles- 
cence of effective forms of govern- 
ance'', in both government and business, 

Where in such views is reflected Norbert 
Wiener's prediction that cybernetics would 
usher in the millennium, where there would 
at long last be possible the ‘'human use of 
human beings''? Where is there room for 
Stafford Beer's characterization of cyber- 
netics as the ''science of effective organi- 
zation''? The question seems to be effective 
from what (or whose) standpoint? Let us 
step back a few paces and take a different 
perspective. 

In his presently-shocking book ‘Future 
Shock! [35], Alvin Toffler suggests that 
"modularism may be defined as the attempt 
to lend whole structures greater permanence 
at the cost of making their substructures 
less permanent", and that this was a 
general trend in contemporary advanced 
societies. In the organizational context, 
about five years ago I concocted the 
following definition of that ambiguous word 
‘management! which seems to accord with 
Toffler's general theme: 
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MANAGEMENT IMPLIES ORGANIZED HUMAN ACTION 
DIRECTED TOWARD THE ATTAINMENT OF APPRO- 
PRIATE CONDITIONS FOR OPTIMUM ARTICULA- 
TION OF SUBSYSTEM HETEROSTASES, IN SUCH 

A WAY THAT OVER-ALL SYSTEMIC HOMEOSTASIS 

WILL BE ACHIEVED AT EVER HIGHER LEVELS 

OF GOAL APPROXIMATION. 

This approach to the manager's job suggests 
a somewhat different attitude from the 
pessimism implicit (and often explicit) in 
much of the literature, as sampled above. 
From this definition flows the inference 
that people in organizations will be 
emancipated by the existence of on-line, 
closed-loop information systems, providing 
a basis for real-time decision making. Why 
then is there so often evidenced a fear of 
innovation, even among our most sophisti- 
cated organizational systems, the modern 
corporation? Because with corporations as 
with individuals, in Donald Schon's view 
[36], ‘'technological innovation disrupts 
the stable state!''. Therefore some of the 
typical organizational responses are to 
A LE 

- Reject the effort at innovation. 

- Allow the effort to continue, but iso- 
late it from the rest of the corpora- 
tion. 

- Contain the threat, allowing it to 
proceed, but on a level so much redu- 
ced that the innovation is always far 
short of critical mass. 

- Seek to convert the threat to an acti- 
vity acceptable within the corporate 
society. 

- Compartmentalize the innovation, per- 
mitting it to occur in one part of the 
business, while preventing it from 
occurring in others. 

- Oscillate between support and resist- 
ance, confusing corporate members by 
the off-again, on-again approach to 
change. 

- Resist innovation while not appearing 
to do so, while in fact proclaiming 
the official doctrine of innovation. 

Could we but know the real cost — financial 
and human — of such counter-productive 
behavior, my guess is that we would deal 
more urgently with this kind of "future 
shock", 

Peter Drucker recently defined ‘''manage- 

ment's new role!' as a transition from 
"the old assumptions'' to ''the new reali- 
ties'' [38]: 
1. From ‘only business has ‘social res- 
ponsibility','"" to ‘all institutions, 
including business, are accountable 
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for the ‘quality of life'.' 
2. From ‘'entrepreneurship and innovation 


lie outside the management scope,!! ton 


“entrepreneurial innovation will 
become the very heart and core of 
management .!! | 
From ‘it is management's task to make 
the manual worker productive!', to "it 
is management's task to make know- 
ledge more productive." 

From ‘management is a "science!" or at 
least a 'discipline','' to ‘'management 


will have to be considered as both a : 
‘science! and a ‘"humanity'."! 
From ‘''management is the result of 
economic development," to ''economic 
and social development are the result 
of management." 
And he concludes with the following asser- 
tion: ‘Management will increasingly be 
concerned as much with the expression of 
basic beliefs and values as with the 
accomplishment of measurable results. It 
will increasingly stand for the quality of 
life in a society as much as for its stan- 
dard of living.'' [39] 

There is little in what Drucker says 
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with which I would disagree, and much that, 


in my judgment, warrants repeated emphasis 
and effort toward realization. Perhaps, 


for example, the fear of cybernetic organi- 


zations stems in considerable measure from 
management's failure effectively to inte- 


grate so-called ‘management science! on the 


one hand, and so-called "'behavioral 
science! on the other. Largely deriving, 


we must admit, from the failure of academic 


theorists and professional consultants to 
provide the basis for effective integra- 
tion. 

Here, then, is another area of integra- 
tion need. Levels of organization would be 


better articulated, and metasystemic values « 


would be enhanced, if the foci of manage- 
ment science and behavioral science were 
better melded. I would hypothesize the 
following as the modal tendencies at vari- 
ous levels, which the emerging 'organiza- 
tional cybernetics' could synthesize: p 95. 
Schematic II expresses the need for 
cybernetic integration by management in 
another way. The concept expressed is that 
management essentially comprises, at least 
in the first action instance, a search for 


the optimal behavior path on a ‘response 
surface' comprised of three orthogonally- 
perceived dimensions: 


1. ‘Efficiency decisions! 
logical dimension). 


(the rational- 
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2. "Purpose decisions! (the psychological 
dimension). 
3. ‘Value decisions! (the socio-logical 
dimension). 

The phases of evolution in the schematic 
are intended to portray a management con- 
cern for productivity as a transition from 
focus upon production efficiency (the days 
of "Scientific Management'), to a focus 
upon ‘the human side of enterprise' (the 
days of "Human Relations') to a current 
integration of each of these with a third 
dimension ('Managerial Axiology') in such 
a way as to increase the available response 
surface in all three dimensions. 

Management's most appropriate behavior 
is therefore conceived as the search for 
the optimal combination of these three 
considerations in any given problem-solving 
context. But to the extent that there is 
an integration of the foci of management 
science on the one hand and behavioral 
science on the other, I suggest the likeli- 
hood that the three dimensions will cease 
to be orthogonal. As — I will not say if — 
this happens, resolution of the vectors 
will become less a matter of "acceptable 
tradeoffs' and more a matter of system- 
generated indications of optimum resolution 
points iseetpager95: 
Ultimately, one would hope the three vec- 
tors may somehow completely converge. But 
expectation of that ideal probably smacks 
of euphoria too. 


Conclusion: human freedom and cybernetic organizations 


We have been describing a vision of cyber- 
netic organizations in which formal leader- 
ship will diminish as a visible force, 
imposing naïve images of 'order' and 'con- 
trol' on recalcitrant organizations. 
Instead thé Taoïist principle of inaction 
(wu wei) would tend to prevail: ‘Do nothing, 
yet there is nothing that is not done". It 
accords with Stafford Beer's vision, 
enunciated over a decade ago [40]: 
‘Management is the restoring of natural 
order to a system which has been disturb- 
ed, and which is trying to regain its 
equilibrium.... Thus I picture the cyber- 
nated managerial structure as the focus 
of the natural order; a structure that 
flows to fit the changing ‘response sur- 
face' of the situation; a structure that 
is integral with the system and exempli- 
fies its natural orderliness." 
Management's job, in this emerging organi- 
zational milieu, will be to provide leader- 
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ship for 'systemic convergence',. And suc- 
cessful managements will accomplish this 

by effectively fulfilling a basic require-«) 
ment of enlightened organizational leader-““} 
ship — whether at the corporate, the à 
government agency, or the national policy «| 
level — whose neglect has been a basic : 
cause of so much human misery. This 
requirement is continually to make evident. 
to the participants in a system, the range 

of choices available, and the nature of the! 


value tradeoffs implicit in each set of 


choices, together with their future option=" 
enhancing or option-reducing consequences. 


In the organizational world envisaged, RL | 
management's concerns would focus upon the 


design of viable systems, using cybernetic là 


principles and general systems concepts. 
The individual is thereby emancipated, k. 
because the organization is being permitted 
to respond naturally to system dynamics, 
in terms of an optimum resolution of 
vectors. As Jack Morton has written [41]: 
Min short, the manager's job is "the 
innovation of innovation'. His job is to | 
renew the purpose, content and structure M 
of his process. He must not program his 
'machine' in the computer sense. Being 
composed of living, interacting parts, 
L 


the organization is a living organism 
which can, itself, learn, change and grow 
in its changing world..,.. As the select- 
ive agent of change, the manager : 
catalyst, the mutation selector. Through M 
his understanding of the process and its 
responses to stimuli, he can judge, ; 
select, and reinforce those responsés and 
changes that improve the organization and 
increase its capability for innovation. 4 


is the 


He can become the ‘Maxwell Demon! of 

adaptive mutations and increase the 

probability that adaptive response will 

succeed.! 
To say it once again: the information tech- 
nology certainly need not lead men from an 
image of being 'cogs in a wheel' in yester- « 
day's machinery of industrialization, to a 
vision of being ‘bits in a circuit! in ; 
tomorrow's cybernated organizations. Quite « 
the opposite is very possible, although 
certainly not assured, To increase the | 
probability that our emerging organization- * 
al environment tends more toward the 
euphoric than toward the paranoïid vision, 
there is urgent need for full appreciation 
of the latently destructive forces which 
inhere in cybernetic arrangements. In the 
words of Donald Michael [42]: 

“In all, top leadership in many organi- 


zations will find that while the computer 


relieves them of minor burdens, it will 
enormously increase the demands on them 
to wrestle with the moral and ethical 
consequences of the policies they choose 
and implement.... The implication is 
clear to me: The top-level manager and 
decision-making professional will have 
to seek intensively for wisdom all of 
his life.... If he is not wise — if he 
is unthinking or single-minded in his 
application of the computer — he will 
 fail eventually and our society too will 


fail under such leadership. But providing 


wWise men in the numbers and at the rate 
needed is a challenge whose outlines we 
can see only dimly. Our desperate task 
is to transform this vague appreciation 
into wise men...."! 

From our standpoint, wisdom inheres in a 


general systems approach to man's organiza- 
tional problems and societal dilemmas. I 
can do no better than concur with Michael's 


somber observation and plea [43]: 


",.. We should have begun yesterday. It 
is by no means clear that we can provide 
them in time. Nor is it clear that we 
cannot. But we must do better than just 
hope."! 
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Policies for the admission of patients to a 
hospital surgical department 


J. LUCKMAN 
Institute for Operational Research, London, England 


Background 
Traditionally, surgical wards have been 


limited in size to 25-30 beds managed by a 


single nursing team and with each bed or 


group of beds allocated for the exclusive 
use of an individual consultant firm. It 

is possible to run a unit of this size with 
a fair degree of success without the help 
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of sophisticated managerial methods. In a 
650-bedded hospital on the South Coast of 
England, the surgical beds in four tradi- 
tional sized wards have been ‘'pooled' to 
form a single unit of 104 beds, The poten- 
tial advantage of pooling is to allow a 
greater throughput of patients since a 
higher bed occupancy can be maintaïined 
without increasing the need for postpone- 
ment of admission, lodging out or early 
discharge, provided that length of stay 
characteristics and other parameters of the 
system remain unchanged. However, pooling 
of beds in this way greatly increases the 
complexity of running the unit since it is 
used by several surgeons and is staffed by 
several nursing teams. Problems of co- 
ordination and planning arise which cannot 
easily be overcome by working in the tradi- 
tional way. 

For the purpose of planning it was help- 
ful to view the complicated set of activi- 
ties required to admit, diagnose, treat and 
return the patient to the community as a 
system comprising two main parts, wards and 
operating theatres, in which certain res- 
ources are made available to care for the 
patient. 

The three principal resources considered 
were beds, operating theatre time and staff 
(both nursing and medical). The flow of 
patients through the system is affected by 
the admissions procedures, the operating 
timetable and the discharge policies. The 
effective management of the system depends 
on how well the needs of the patients are 
matched to the supply of the three main 
resources. In an ideal situation, a balance 
would be achieved by regulating the flow of 
patients in such a way that each of the 
three main resources was close to being 
fully utilised, i.e. high bed occupancy, 
operating time well utilised, staff fully 
employed. The inpatient waiting list pro- 
vides a stock of potential work which makes 
regulation of the flow possible, but an 
important part of the process is to ensure 
that over a long period, the rate of admis- 
sion to inpatient care at least equals the 
rate of referral, over the range of diag- 
nostic groups. If this were not so, the 
inpatient waiting list might tend to grow, 
although there is an element of self- 
balancing in practice, since General Prac- 
titioners are less inclined to refer 
patients to a consultant with a long list. 
Other admissions to inpatient care are 
unplanned and thus uncontrollable except 
in a limited way by means of a rota for 
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emergencies, which shares them between 
hospitals and consultant firms. Regulation 
of the total flow is achieved by means of 
various admissions policies and it is 
aspects of these that are discussed in this 
paper. ; 

The first part of this paper deals with « 
an admissions policy to cope with unplanned” 
admissions to the unit. It depends not on 
regulating the admissions but on reserving 
a number of beds at the start of each day 
to receive the cases as they arrive. 

The second presents an admission policy 
for planned admissions from an inpatient 
waiting list. This employs a workload 
measure based on operating theatre time 
and allowance is made for the resources 
used by the unplanned admissions. 

Finally, we discuss ways in which the 
existing policies can be improved and 
generalised. 


A policy for unplanned admissions 


Most acute surgical units are required to 
deal with a substantial number of emergency 
or unplanned admissions. In the hospital 
under study 42% of all general surgical 
admissions in 1971 were emergencies. In the“ 
absence of a policy such that at the start 
of the day, some beds are reserved to deal 
with impending emergency admissions, it 
would be left to the registrar as the 
admitting medical officer to rely on his 
experience to judge what action to take to 
cope with the emergency demand. This may 

be a difficult judgement to make particu- 
larly where the admission of surgical 
emergencies is shared between units or 

even hospitals, thus presenting a changing 
pattern of demand. Previous to our research, 
emergency admissions had been managed on 
the basis of personal experience for each 
of the smaller ward areas, There was said 
to have been a recurring problem of 

lodging out of patients on other wards with 
increased stress on the nursing and junior 
medical staff especially when this occurred 
in the evening period. 


Definition of unplanned admissions 

The majority of unplanned admissions are 
emergencies, but we have included all 
admissions which do not pass through the 
routine admissions and record system. 
Policies for planned admissions obtained 
from an inpatient waiting list will be 
discussed later. 
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Fig.2 Emergency admissions on non-take days 


| 3 
| 
RP UNS rte SD 7 A 


(0) TOPLTLI "E2 


No. of emergencies - N 


ORUELAPE DT SE ARS Ne EE 7 800 JHRLO LEA ME 


No. of emergencies - N 


101 


TABLE 1 Source of unplanned admissions 


Casualty 
Direct G.P. referrals 


ë True 
Emergency Bed Service E 
Domiciliary Consultations na pd 
Admissions 
Staff, e.g. Nurses 
Referrals - from other wards 
e.g. medical Medical 
- from other Referrals 


hospitals 


Table 1 shows the sources of unplanned 
admissions. Most true emergency admissions 
come from the casualty or accident depart- 
ments, by direct arrangement with general 
practitioners or via the emergency bed 
service. Depending on the consultant con- 
cerned, some direct admissions will result 
from domiciliary consultations and there 
are usually some hospital staff requiring 
treatment. Patients who are 'lodged in! 
from other wards should also be classed as 
unplanned admissions but, as it is the aim 
of this policy to prevent this being neces- 
sary, it is assumed that they will not 
occur and have been excluded in the calcu- 
lations which follow. Referrals from other 
wards or hospitals, although not usually 
considered as emergencies, are unplanned 
from the administrative view-point since 
they are normally moved within 48 to 72 
hours of acceptance and after waiting list 
admissions have been sent for. 


A survey of emergency admissions 

Emergency admissions to the hospital under 
study are shared firstly with another 
hospital and then between two consultant 
firms in each of those hospitals by means 
of a rota so that any one firm is "on take! 
for seven days in each 28-day period. We 
are concerned with the admissions pattern 
for two of the four firms (Firm A and 


Firm B) whose take in pattern is shown in 
Table 2x 


TABLE 2 The emergency take-in rota 


The rules for admission are that each 
patient shall be admitted under the firm 
on take unless previous hospital treatment 
has been given by one of the other three 
firms on the rota, when the patient is 
admitted under that firm. Under these 4 
rules, therefore, emergency admissions can 
be and are admitted on non-take days. There 
can also be a difference in the total 
patients admitted under each firm since 
longer established firms have seen more 
patients in the past and may consequently. 
take a larger than average share of the 
re-admissions. 

The histogram in Fig.l shows the pattern 
of admissions on take days in a 12 week 
period. The histogram in Fig.2 shows the 
same information for non-take days. The 
average admission rates are 7.3 and 2.0 
patients respectively. 

There is a tendency for admissions on 
Sundays to be somewhat lower than on other 
days, whether it be a take day or not. 
Patients seem to be able to delay their 
admission when a week-end is involved and 
this is borne out by Mondays admissions 
(all non-take days) which are noticeably 
higher than the average for all non-take 
days. With the sample size given, however, 
the differences between individual take 
days or non-take days can be shown to be 
not statistically significant and hence 
our best estimate for future admissions is 
that there will be an average of 7.3 ad- 
missions on a take day and 2.0 admissions 
on a non-take day, regardless of which day 
of the week we are discussing. 

The shape of the histograms in Figs 1 ! 
and 2 also suggests that we might expect 
emergency admissions to behave as though 
they were random in time and independent 
of one another. À statistical test does 
not show any serious departure from this 
hypothesis and hence we may make use of 
the underlying theory of random arrivals 
to set up an admissions policy for emerg- 
ency admissions. 
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An admissions policy 

| When a doctor needs to make available a 

| bed on a surgical unit, there are certain 
courses of action open to him. We have 
summarised these below and placed them 
roughly in order of decreasing preference, 
i.e. an action near the head of the list, 
if open to the doctor, will be preferred 
to any action lower down: 

- Discharge a patient who was expected 

to stay for one more day. 

- Postpone today's admission of an ‘in- 

turn! patient from the waiting list. 

- Postpone today's admission of a ‘soon! 

patient from the waiting list. 

- Discharge a patient who was expected 

to stay for two more days. 

- Postpone today's admission of an 

‘urgent' patient from the waiting list. 

We have not included the possibility of 
lodging patients in other parts of the 
hospital since, as stated earlier, we wish 
to avoid the need for this action as far 
as possible. 

If the need for the bed was occasioned 
by the arrival of an emergency admission, 
then the other course open to the doctor 
is to refuse the admission. Since, however, 
by their very nature, emergency admissions 
are often undiagnosed and frequently 
require immediate treatment or operation, 
this means that the course of action 
‘refusal of emergency' would be at or near 
the bottom of the list. 

Given that we understand the pattern of 
demand for emergency beds, we propose that 
at the start of each day this list of 
actions should be reviewed and applied as 
necessary so as to make free a ‘'reasonable' 
number of beds in anticipation of the 
emergency admissions for that day. The 
definition of 'reasonable' must clearly 
come as a compromise between over-provision 
with a consequent waste of resources, and 
under-provision with the resultant upheaval 
for patients and staff when too many 
patients subsequently arrive. 

It was planned that ten beds should be 
made free on a take day and three on a non- 
take day. This was arrived at through our 
knowledge of the current arrival pattern. 
The probability that emergency admissions 
exceed ten on take days is 0.12 (one in 
eight occasions), and exceed three on non- 
take days is 0.14 (one in seven occasions). 
Due to the natural rise and fall of the 
work of a surgical unit the risk of having 
insufficient beds will be confined to the 
one or two peak days in each week. By using 


the ‘ten and three' policy whenever neces- 
sary, the over-all risk will be of the 
order of 0.03 (i.e. once in four or five 
weeks). 

Since we have shown that emergency surgi- 
cal admissions can be considered as random 
in time and independent of one another, we 


can construct a table to show fôr a range 
of admission rates, the appropriate number 
of beds to reserve such that the chances 
that the number of admissions will exceed 
the reserve are approximately 1 in 5, 1 in 
10 and 1 in 20. 


TABLE 3 An admissions policy for surgical 
emergencies which shows the number of beds 
to reserve 


Chance that emergency 
admissions exceed the 
entry shown 


Lin S,1lsin10, lin 20 
LOI 2 3 
12.52 2 3 
14772 5 3 
EC 2 3 4 
18162 3 4 
240 5 3 4 
Daily 2 NUS 4 5 
Admission —+3.0 4 (6) 6 
nee CAS 6 6 
4.0k45 6 "4 
Patients 4,5 6 ji 8 
per day 500 8 8 
CeLTEr 8 9 
6.0%,:8 9 10 
6508 9 11 
RAUTAE: 10 11 
Ter 11 12 
Se 018410 WE 12 


The entries in Table 3 show the number 
of beds to be set aside such that with the 
given daily admission rate (row), there is 
a given chance (column) that the number of 
emergency admissions will exceed the beds 
provided. Thus, with an admission rate of 
3.0 patients per day (arrowed), there will 
be a chance of 1 in 10 that the number of 
admissions will exceed five (circled). The 
higher the admission rate and the lower 
the risk that is required, the larger the 
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number of beds that must be set aside. 

The table is constructed by reference to 
the appropriate percentage points and 
averages in the published tables of the 
Poisson distribution. Note, however, that 
in using the table, if separate provision 
has to be made for male and female admis- 
sions, and/or for different consultant 
firms who are not sharing common beds, 
then the admission rates for each category 
must be calculated separately and the pro- 
vision of empty beds determined for each. 
This requirement makes clear the advantages 
to be gaiïined from using large ward units 
where no distinction is made between sex 
or consultant in the use of beds, On take 
days for example the average admission 
rates by sex and consultant (assuming 
Firm A to be on take) are: 


Males — Firm À 27 
Females — Firm A 2.6 
Total 7.3 
Males — Firm B Jeu 
Females — Firm B 0.9 


If beds were not interchangeable, then 4, 
4, 2 and 2 beds would have to be provided 
if the chances that the admissions should 
not exceed the provision were to be 1 in 
10. Thus, in total, we have to provide 12 
beds with separate wards but only ten when 
the beds are pooled. If we require that 
the chance of exceeding the provision 
should be reduced to 1 in 20, then we 
should need to make free 5, 5, 3 and 3 
beds in the separate wards, a total of 16, 
against 11 in the pooled ward. 

The advantages of pooling beds illustra- 
ted in this example derive only from pool- 
ing the uncertainties associated with 
emergency arrivals. There are further 
advantages due to pooling the uncertainties 
associated with length of stay but these 
are not demonstrated here. 


TABLE 5 Operating theatre timetable 


If, when using the figures in the table, 
it transpires that far fewer or far more 
than the suggested number of beds are 
regularly free, then this is an indication 
that the policy for planned admissions 
should be reconsidered and the total work- 
load adjusted. Subject to there being suf-\ 
ficient doctors, nurses and operating 
theatre time, the total workload of the 
unit can be adjusted to meet any required 
risk of postponing admission, lodging out, 
or early discharge. À first approach to 
deriving a suitable policy for planned 
admissions to a surgical unit is discussed 
in the next part of this paper. 


A policy for planned admissions 


The proposed policy for planned admissions « 
uses a unit system for measuring the opera- 
ting theatre workload [1] because the 
supply of operating time is currently the 
limiting factor in the system. The normal 
operating list lasts for four hours in the 
morning and four and a half hours in the 
afternoon. The number of units per opera- 
ting session was assessed from a study of 
actual operating session case-mixes and 
times, and the unit workload per session 
for each of the two main consultant firms 
is shown in Table 4, 


TABLE 4 Number of units per opera- 
ting session 


Surgeon Morning Afternoon 
Consultant À 9 units 10 units 
Consultant B 12 units 14 units 
Registrars 9 units 10 units 


The slightly greater allocation to Consult- 
ant B (a Genito-urinary surgeon) was due 


Day Morning Units Afternoon Units 
Mon - - Consultant A 10 
Tues Consultant B 12 Consultant B 14 

Reg'r to Consultant À 9 Reg'r to Consultant B 10 
Wed - - Reg'r to Consultant B 10 
Thurs Consultant B 12 Consultant A 10 

Consultant A o Reg'r to Consultant À 10 
Fr& - : - - 


to the rapid turnover of his endoscopic 
patients and the difficulty in assessing 
the number of units which should be allowed 


| for any endoscopic procedure. 


The operating theatre timetable for the 
two firms À and B is shown in Table 5, 
This timetable is not necessarily the one 
most suitable to make the best use of the 
resources of the ward. À different time- 
table might permit a greater throughput of 
patients in the same number of beds, This 
is discussed later, but for the time being 
the timetable is regarded as fixed. 

From Table 5 the total operating workload 
of each consultant firm can be calculated, 
as shown in Table 6. 


TABLE 6 Total operating workload on 
normal lists 


————#" ————————————————— 
Units per Units per 
week 4-week period 

RE  — 

Consultant A's 


firm 48 192 
Consultant B's 
firm 58 232 


—— 


These units represent the maximum amount 
of work which can be done on routine opera- 
ting lists. Additional work stems from 
emergency operations which are done at 
times outside-the routine lists, i.e. 
during the night or at weekends. 

To develop an admissions policy it is 
necessary to know what proportion of the 
maximum theatre workload capacity remains 


after we have made allowance for the units 
taken up by the emergency admissions opera- 
ted on during routine sessions. The number 
of planned admissions that can be called 
in will be determined by the number of 
units remaining. 

Since operating time rather than beds 
was the limiting factor on workload we 
ignored those unplanned admissions which 
were operated on as emergencies outside 
the routine operating lists. We assumed 
that beds were available to cope with these 
patients. 


Unplanned admissions 

The number of unplanned admissions which 
come under each firm arise from three 
sources. There are cases which have been 
treated by the firm on a previous occasion 
and these are sent back to that firm 
regardless of which firm is on take. There 


are also the cases which have not been 
treated previously and will all go to the 
firm on take, In addition to these admis- 
sions there are referrals from the medical 
Specialties which again are not affected 
by the emergency take rota. Table 7 shows, 
for each firm, how the average numbers of 
unplanned admissions vary over the four 
weeks of the emergency take cycle. Week I 
is the same as the one previously shown in 
Table 2 which includes the weekend on which 
Firm À is on take. "Take weekend' for Firm 
B falls in week III. 


TABLE 7 Average unplanned admissions 
for each week of the 'take!' cycle 


Week 

I II POT IV 
Firm A 26.6 17 142 20.4 
Firm B NO Do 7 2087 l'O 
Total 5RS 29.9 34.9 SL 


The table shows the increased workload 
which follows the emergency take weekend. 
This inevitably has an effect on the number 
of planned admissions which can be called 
during the same period, but the exact 
amount will depend on how many of the un- 
planned cases appear on the routine list. 


Unplanned cases not requiring operation 

The survey results reported in Table 8 

show that nearly one-half of the unplanned 
admissions did not require an,operation, 
which means that a number of patients will 
use a bed in the ward but not require 
operating theatre time. These additional 
patients occupying beds become an important 
factor in the week after a 'take' weekend 
and are discussed later. 
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TABLE 8 Unplanned admissions in the 
unit for twelve weeks 


Firm A Firm B 

Operations Opera- Opera- 
performed tions % tions  % 
Major 72 DD OR 25.8 
Inter- 

mediate 45 22: LISE 20.5 
Minor 5 2.4 Æ 4.6 
None 82 40,2 74 49.1 
Total 204 TOO OMILSE 100.0 


Unplanned cases reguiring operation 

In a further survey, it was found that, of 
the unplanned admissions requiring opera- 
tion, 34.4% of Firm A's cases and 39.2% of 
Firm B's cases were operated on during 
routine lists. Applying the case mix 
figures to those unplanned cases operated 
upon in routine sessions, the number of 
cases shown in Table 7 is converted into 
units of work falling in the routine opera- 
ting)listsHencer26.6,21402,72054% 10% 
and 20,7 unplanned admissions are equiva- 
lent to 17, 9, 13, 6 and 12 units on a 
routine operating list respectively. 

The operating list workload which remains 
after allowance has been made for the un- 
planned cases requiring operation, can now 
be calculated. This spare capacity is 
available for waiting list admissions and 
is shown in Table 9, 


TABLE 9 The capacity available for wait- 
ing list admissions 


E Week 

LE II DIT IV 

A 48-17-31 48-9-39 48- 9-39 48-13-35 
B 58- 6-52 58-90-49 58-12-46 58- 6-52 


(less 5) 


Waiting list admissions 

There are conflicting factors associated 
with patients on the inpatient waiting 
list. There are certain advantages to 
‘booking! a patient well in advance ('long 
call' patients). For the patient it allows 
time for him to make the necessary business 
and domestic arrangements and to adjust 
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psychologically to his operation. For the 
hospital it allows time for some pre-admis- 


sion testing. The disadvantage is that the 


system cannot respond to short-term pres- 
sures. It has been found helpful, there- 


fore, to establish a pool of ‘short call! Cu 


patients who are prepared to respond to 
being called in with 48 hours! notice or 
less, in order to provide the flexibility 
necessary for effective planning. This is 
established and agreed with the patient 

at his initial consultation. Thus, part of 
the operating time which is left after 
provision has been made for emergencies 

is committed to long call patients and the, 
remainder will be taken up by short call 
patients who are held in reserve to be 
called if the emergencies equal or fall 
below the number allowed for. If the num- 
ber of emergencies is higher than allowed 
for, then the number of short call patients 
is reduced, It was estimated that six units 
of operating time for short call patients 
would be required for each consultant for 
each week. 


Bed capacity 

It was noted earlier that occasions may 
arise when beds become the limiting factor 
on workload capacity of the unit in place 
of operating time. This was most likely to 
occur during the weeks following a "take! 
weekend when there were, on average, five 
extra emergency patients who did not 
require an operation but nevertheless 
occupied beds. 


The presence of these additional patients 


affected the consultant's ability to admit 
patients to the ward. It was desirable, 


therefore, to reduce the number of patients 


admitted on the two weeks following the 
take weekends. For Firm À this was conveni- 
ently done by calling a larger proportion 
of major cases, which maintained utilisa- 
tion of operating time but relieved the 
pressure on beds since the actual number 
of cases was reduced, With Firm B, however, 
this could not easily be done because 
Genito-urinary surgery involves fewer 
major cases and there were insufficient 
being admitted. It was suggested that on 
the week after Firm B was on take five less 
minor cases should be admitted, 

The final assessment of workload admitted 
from the waiting list after making allow- 
ance for all the foregoing factors was as 
shown in Table 10. 
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TABLE 10 Total number of units ad- 
mitted from the waiting list with 
allowance for all factors 


Week 
I A A D A 
DEAD LONp Calle 25% 33 + 33 . 29 
Shot Calle 6*: : 6 6 6 
Firm B Long Call 46 43 35 46 


Short Call - 6 6 6 6 


*Bias towards major cases 


The over-all pattern of working for the 
two firms is summarised in Table 11, which 
shows how the workload was split between 
planned and unplanned cases over the four- 
week cycle. The total units accord with 
those derived in Table 6. The units are 
translated into time using survey results 
which showed that for Consultant À one unit 
represented 27 min of operating time and 
for Consultant B one unit represented 
20 min of operating time. This explains why 
different unit totals represent the same 
amount of operating time. 


Wider aspects 


So far the policies for admission have 
been based on the availability of beds or 
the availability of operating theatre time. 
In the hospital under study, the opera- 
ting theatre time has been the binding con- 
straint on throughput. The allocation of 
operating theatre time can affect the 
capacity of the unit in two ways. Firstly, 
unless another resource constraint comes 
into effect, more operating theatre time 
can allow more work to be done. Secondly, 
the disposition of the sessions on the 
timetable affects the pattern of bed 
occupancy on the ward and this in turn can 
affect the throughput independently of the 
actual level of provision. This is because 
bed occupancy fluctuates from day to day 
giving rise to peaks and troughs and, on 
certain days, the peaks of occupancy can, 
as we showed earlier, become a constraint 
on! throughput. However, if the operating 


theatre timetable were to be arranged to 
produce a smoother pattern of occupancy, - 
the pressure at peak times could be avoided, 
It may even prove possible to increase the 
throughput of patients for the same number 
of beds and operating sessions. 

The other factor contributing to the 
daily occupancy pattern is the pattern of 
unplanned admissions. This can be changed 
by modifying the emergency take rota. It 
is the interaction of these two combined 
patterns of bed occupancy which gives rise 
to the workload on the ward. 


TABLE 11 Over-all pattern of workload 


Operating 


Totals Weekly time,hr 


0 


planned INR RES MES O VENSE 


Firm A unplanned 17 9 9 
total AGUMAGN AS “48 
planned 52 49 41 

Firm B unplanned 6 Jake 


total 53* 


ba 


58 


144 

48 48 213 
192 

194 58 213 
33 (except 
227% Week III) 


——————_ "0 


“Reduction of five units due to pressure on beds in Week III 


following a take weekend 
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We can study this system using a mathe- 
matical model [2] to predict the daily bed 
occupancy produced by various combinations 
of operating timetables and emergency take 
rotas, It is also possible to predict the 
effects of different case mixes in the 
planned operating sessions and of different 
admission schedules designed to fit in with 
the anticipated emergency demand. The use 
of a model removes the need to change the 
existing system to try out alternatives. 

A wide range of feasible alternatives can 
be examined and the more promising arrange- 
ments can be carried forward for detailed 
examination and discussion, 

A further factor which needs development 
is the inclusion of nursing workload in the 
model. Peaks of occupancy imply peaks of 
nursing workload which put the nursing 
staff under pressure. However, the number 
of cases is not a reliable indication of 
nursing workload, since diagnosis and the 
patients' condition strongly influence the 
total. Research is currently in progress 


(©) Tavistock Institute of Human Relations, 
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aimed at deriving a measure of the workload 
falling on nursing staff and this will be 
incorporated in the admissions policy so , 
that planned admissions can be matched to 

the numbers and skills of nurses available 
or alternatively the nurse staffing of the … 
areas of the unit can be matched to the 4 
expected workload,. 4 


Footnotes 


1. Surgical operations are divided into 
three classes, major, intermediate and 
minor which require, on average, 4, 2 

or 1 units of operating time respective 
ly. À unit is of the order of 20 min but 
varies from surgeon to surgeon and is | 
different for different surgical Ér 
specialties. ge | 
See, for example, J. LUCKMAN, ‘Planning 
surgery — À computer simulation', Insti- 
tute for Operational Research Report 
No.2, £1.75, London (October 1971). | 
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SYMPOSIUM D 


SYSTEMS ANALYSIS IN SCIENCE 


(Co-ordinator: N. Rozsenich) 


Bertalanffy's fundamental ideas have greatly influenced the 
work of. modern philosophers of science. The programmatic con- 
cept of General Systems Theory traces in several ways the 
metatheoretical attempts to explain and describe ‘Science! 
and its forms of organization analytically and methodologi- 
cally. J'. 

Today these metatheories prevail in Great Britain and the 
USA (Science of Sciences) and in the USSR and East Germany 
(Wissenschaftswissenschaft) and are connected with famous 
names, viz. Dobrow and Blauberg (USSR), Laszlo (USA) and 
Radnitzky (Sweden). 

It was the aim of the Symposium "Systems Analysis in Science! 
to present some new reports from this interdisciplinary field 
of research, whose main components are philosophies Ex Science 
and Systems Theory. 

In his lecture Laszlo gives an outline of a theory of 
‘invariant parameters' based on the system components ‘nature! 
and 'theory', which enable forecasting of some features of 
scientific growth and development. 

Blauberg's intention is, similar to Laszlo's, scientific 
and technological forecasting but his idea of Systems Analysis 
is different and pragmatic (science, organizational forms of 
science, scientific activities) and therefore the influence 
of specific methodologies is added to the general view of 
systems theory. 

Another aspect of this Symposium confronted these mainly 
descriptive models with mainly operational models or concrete 
strategies of science-planning. In other words, for the 
Cybernetician, science and its sub-systems are interesting 
examples for the application of Systems Theory. For the Science 
Policy Planner, Cybernetics and General Systems Research are 
interesting examples of modern scientific disciplines, as well 
as many others. 

Nevertheless, the loss of generality in forms of system 
theory is, if we look at concrete planning models, compensated 
for by adequacy and ease of operation. Subject and method of 
planning strategies were illustrated and exemplified by the 
following lectures: Planning of Resources (Frey), Personnel 
Recruitment in Universities (Prasad), Research and Education 
Planning (Schweikert). À special lecture was given on the 
basic function of forecasting techniques in descriptive as 
well as operational models by Gehmacher. 
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Analysis of concrete strategies of planning from a systems 
theoretical point of view has, besides the paradigmatical 
value of such efforts, another interesting dimension: Systems 
Analysis in Science cannot be complete and consistent without 
reference to the social and economic base of science, its 
development and institutions. Many phenomena of modern science 
policy cannot be explained in terms of philosophy of science 
and of general systems theory only. It seems that the criteria 
of 'stability' and of 'growth' are especially influenced by 
exogenous parameters. 

The third part of the symposium attempts to verify this 
hypothesis empirically and theoretically. Loitlsberger and 
Daxner demonstrate the reciprocity between the basic systems 
of science and of political economy, and between the sub- 
systems derived from both. The conflict between purposive- 
rational planning and individual freedom of decision (examined 
by Dohmen) and between theory and practice of science planning 
(discussed by Hodl), demands a conceptual basis capable of 
focusing on the societal and economic issues inseparable from 
the problems posed by the philosophy of science. 

The contributors to the symposium merely opened the debate: 
how the concepts of science might be interpreted and possibly 
affected when treated by a General Systems approach and a 
Political Economy approach respectively. The papers reproduced 
here by no means determine the issues, but they open up the 
theme by pointing and providing stimulus for further research 
in this area. 


N. Rozsenich 
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| Zur Einsicht in die quantitative Struktur 
eines Schulsystems und als Basisgrôsze für 
: Prognosen arbeitet die Bildungsforschung 


häufig mit Strômen von Schülern. Die Strôüme 
werden für die Vergangenheïit registriert, 
analysiert und für projektive Aussagen 
fortgeschrieben. 

Für die Abbildung der Schulerstrôme wer- 
den sogenannte Strômungsquoten (Ubergangs- 
quoten und Abgangsquoten) verwendet, die 
folgendermaszen definiert sind: 

Ist S;(4) die Anzahl der Schüler, die 
sich zum Zéitpunkt € im Pol + des Schul- 
systems befinden, und gehen Xj dieser 
Schüler im Zeitpunkt £+1 zum Pol 7j des 
Schulsystems über, so ist die Übergangs- 


quote q definiert als 


_ 
RON ES” 


(1) 


die Definitionsgleichung der Abgangsquote 
ist entsprechend 


q D (2) 
mice) 
a gibt den Empfängerpol auszerhalb des 
Schulsystems an, zu dem X der S Schüler 
des Schulpols 2 zum Zeïitpunkt £+1 Über- 
wechseln. (- 

Für jedes Ÿ müssen sich die Ubergangs- 
quoten und die Abgangsquoten zu 1 addieren: 


(3) 


Die Quoten werden gewôhnlich in Form 
einer sogenannten Strômungsmatrix angeord- 
net. Die Matrix wird von Zeilen und Spalt- 
en (Polen) aufgespannt, die grundsätzlich 
Klassenstufen von Schultypen, manchmal 
auch Aggregate von Typen bzw. Kategorien 
der Berufsklassifikation bezeichnen. 

Die Strômungsquoten sind durch eine Viel- 
zahl von Faktoren bestimmt, von denen hier 
einige genannt werden: Schulversorgungen, 


| Die Verwendung von Strômungsmatrizen in 
Bildungsforschung und Bildungsplanung 


| K. SCHWEIKERT 
| Universität Heidelberg, W. Germany 


Transparenz der Ausbildungsmôglichkeiten, 
Curricula, Lehrmethoden, Beurteilungsver- 
fahren, Motivation von Schülern und Eltern, 
Sozialdaten der Schüler. Strômungsquoten 
eignen sich, als standardisierter Ausdruck 
der Schülerstrôme, für den Vergleich von 
Bildungssystemen mit qualitativ ähnlicher 
Struktur, also vorwiegend für den national- 
en Vergleïich. Für Zwecke des international- 
en Vergleïichs musz im allgemeinen eine 
Klassifikation verwendet werden, die sich 
an dem Land, mit dem am wenigsten differen- 
zierten Bildungssystem orientiert. Das 
Informationspotential der Strômungsmatrix 
wird dann in der Regel durch das hierfür 
notwendig hôühere Aggregationsniveau 
beträchtlich verringert. Dies gilt für die 
Verwendung institutioneller Klassifika- 
tionen. Funktionale Klassifikationen, d.h. 
Systematiken der Lernprozesse selbst, als 
Rahmen fur Strômungsmatrizen, künnten den 
internationalen Vergleïich fur Länder 
gleicher Bildungsideologie erheblich effi- 
zienter gestalten. Die AfeB [2] hat jedoch 
in früheren Arbeïiten bereits nachgewiesen, 
dasz die Erstellung funktionaler Klassifi- 
kationen zur Zeit nicht müglich ist [3]. 

Strômüungsquoten lassen sich auch für 
Gruppen von Schülern mit gleichen Sozial- 
daten angeben. Sie sind dann Ausdruck der 
Bildungschancen sozialer Gruppierungen und 
kônnen damit als Ansatzpunkte für Reformen 
dienen, deren Ziel eine gerechte Verteil- 
ung der Bildungschancen ist. 

Eine wichtige Rolle spielen Strômungs- 
matrizen im Bereich von Optimierungsmodel- 
len und Simulationsmodellen. In Optimier- 
ungsmodellen wird versucht, Werte einer 
Zielfunktion zu extremieren. Maximiert 
werden Z.B. das Sozialprodukt [4], eine 
soziale Präferenzfunktion, [5] der Output 
an Konsumgütern [6], Bestände von Schülern, 
Studenten, Lehrern und nichtlehrenden Per- 
sonen [7], ein geldmäsziger Ausdruck für 
das Bildungsniveau der Gesamtbevôülkerung 
minus Summe der Lehrergehälter und Sachaus- 
gaben sowie abzüglich der entgangenen Ein- 
kommen der Auszubildenden [8]; anderer- 
seits kônnen Optimierungsmodelle so angel- 
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egt sein, dasz die Zielfunktion, als Aus- 
druck der Ausbildungskosten, minimiert 
werden soll. Die Extremierung der Ziel- 
funktion wird unter einer Anzahl von Neben- 
bedingungen sozialer, politischer und 
psychologischer Art vorgenommen, zu denen 
auch die Ausbildungsprozesse gehôren. Aus- 
bildungsprozesse kônnen mit Hilfe der 
Strômungsmatrix beschrieben werden.[9] Das 
Problem l1äszt sich als Frage nach der opti- 
malen Verteilung der Schüler auf die ïihnen 
offenstehenden Karrieren formulieren. In 
diesem Falle würde eine Reïhe von hinter- 
einander geschalteten Strômungsmatrizen 

den Weg vom Ist-Zustand zum Optimalzustand 
kennzeichnen. Damit eine Optimierung über- 
haupt môglich ist, müssen dann im allgem- 
einen zumindest einige Strümungsquoten 
variabel im Zeitablauf sein [10]. 

Bis jetzt vermochten Optimierungsmodelle 
jedoch lediglich das Problem zu strukturi- 
eren. Praktikable Lüsungen konnten sie 
bisher nicht anbieten. Die Gründe dafür 
sind vielfältig: abgesehen davon, dasz es 
äuszerst schwierig ist, einen Konsens über 
Zielfunktion und Nebenbedingungen herzust- 
ellen, wirft die Handhabung des eïnmal 
erstellten Modells grosze Probleme auf. Da 
die Optimierung über eine Reihe von Peri- 
oden läuft, stellt sich die Aufgabe als 
Problem der dynämischen Programmierung: zu 
extremieren ist der Wert der Zielfunktion 
über den gesamten Planungszeitraum hinweg. 
Komplexere Modelle nehmen weiter eine 
nichtlineare Zielfunktion und eventuell 
nichtlineare Nebenbedingungen an. Solchen 
Modellen fehlten bis in die jüngste Zeit 
entsprechende Lôüsungsalgorithmen. Der Kern- 
speicherbedarf ist, selbst für relativ 
einfache Modelle, sehr grosz. 

Wesentlich besser gelingt die Konstrukt- 
ion von Planungsmodellen, die im Gegensatz 
zu den Optimierungsmodellen lediglich die 
Konsequenzen verschiedener bildungspoliti- 
scher Strategien aufzeigen, ohne dasz das 
Ergebnis einen Anspruch darauf erhebt, 
optimal zu sein. Planungsmodelle kbnnen 
als manpower requirements — oder als 
social demand-Modelle angelegt werden. 
Manpower requirements-Modelle gehen aus 
von einem antizipierten Bedarf an Absolven- 
ten des Schulsystems und bestimmen unter 
Vorgabe von Daten der Bevôlkerungsentwick- 
lung die notwendige Breite von Schüler- 
strômen, die diesem Bedarf entsprechen. 
Social demand-orientierte Modelle errechnen 
unter Vorgabe der demographischen Entwick- 
lung und unter bestimmten Annahmen über 
die Entwicklung der Schülerstrôme das 
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Angebot an Absolventen des Bildungssystems. 
Das Planungsmodell wird in der Regel so 
angelegt, dasz es in Verbindung mit einem 
Submodel1, das den Durchlauf der Schüler 
durch das Schulsystem simuliert, andere 
Submodelle führt (z.B. Lehrer-, und Raum- 
Modelle). Deren Daten flieszen in ein 
Finanz-modell ein, in dem die Hôhe der 
notwendigen Bildungsausgaben berechnet 
wird. Die Submodelle kôünnen durch Gegen- 
überstellung von Angebotsbeständen und 
Bedarfen Bilanzen erstellen. Überschüsse 
und Defizite werden ausgewiesen. In einer 
nächsten Runde kann dann per Hand oder 
Über einen programmierten Algorithmus ein 
Ausgleïich der Bilanzen versucht werden. 
Die Arbeitsgruppe für empirische Bildungs- 
forschung hat im letzten Jahr an der Erst- 
ellung von Planungsmodellen gearbeitet, 
die vom social demand-approach ausgehen 
[11]. Impliziert ist die Annahme, dasz für 
den Einsatz der Absolventen des Bildungs- 
wesens hinreichend grosze Substitutions- 
môglichkeïiten oder Chancen für den Einsatz 
in neugeschaffenen Positionen gegeben sind 
[12]. Diese Annahmen sind planungsoptimist- 
isch, da bei ihrem Zutreffen die Planungs- 
masznahmen für die Steuerung der Schüler- 
strôme, wenn hinreichende Ausbildungs- 
kapazitäten zur Verfügung stehen, be- 
schränkt gehalten werden künnen. 

Der social demand-approach entspricht 
eher einem Gesellschaftssystem, für das 
die individuelle Entscheidung Priorität 
vor Kollektivzielen hat. Die Ergebnisse 
des manpower-requirements-approach sollten 
jedoch zur Relativierung herangezogen wer- 
den. Zumindest wegen der bekannten 
ungelôüsten methodischen Probleme aktueller 
Bedarfsprognosen (bezüglich Auswirkung des 
technischen Fortschritts, Substitutions- 
môglichkeiïiten zwischen Qualifikationen, 
Bestimmung von Nachfragefunktionen für 
Berufe oder Ausbildungsqualifikationen 
usw.) wäre eine Ausrichtung am manpower 
requirements-Ansatz gefährlich; Zur Kor- 
rektur ursprünglicher Prognosefehler kämen 
die Planungsinstanzen langfristig wohl 
kaum ohne massive Einengung des individu- 
ellen Autonomieraumes aus, 

Aus den genannten Gründen ist das Plan- 
ungsmodell, das die AfeB zuletzt erarbeit- 
et hat, ein Berechnungsmodell des social 
demand-Ansatzes, (Allerdings enthält es 
Elemente des manpower-requirements- 
Ansatzes bei der Berechnung des Lehrerbe- 
darfs.) Die Übersicht zeigt, stark verein-. 
facht, die wichtigsten Verknüpfungen 
zwischen Strümungsquotenmatrix und anderen 


Teïilen des Planungsmodells. Dabei sind 
Rückkoppelungen hier nicht angegeben [13]. 
Mit Hilfe demographischer Daten und der 
Strôümungsquotenmatrix werden im Verlaufs- 
model1 Schüler- und Studentenbestände bzw. 
Abgänger für jedes Jahr des Prognosezei- 
traums berechnet. Das Verlaufsmodell1 
arbeitet in zwei Aggregationsformen. 

Die zwei Formen der Aggregation tragen 
der Tatsache Rechnung, dasz es mit zuneh- 
mender Länge des Prognosezeitraums immer 
problematischer wird, detaillierte Aussagen 
Über prospektive Entwicklungen zu treffen. 
Form 1 bezeichnet die Verwendung einer 
relative disaggregierten Klassifikation 
des Bildungswesens. Das Modell arbeitet 
auf allen zwei Aggregationsniveaus mit je 
einer einzigen Klassifikation des Bildungs- 
wesens [14]. Diese Klassifikation fängt 
sowohl die aktuelle als auch die künftige 
reformierte Struktur des Bildungswesens 
ein, Wie sie sich z.B. aus den diversen 
Entwürfen zum Bildungsgesamtplan, den 
Empfehlungen des Wissenschaftsrats und des 
Deutschen Bildungsrats ergibt. Die Strôüm- 
ungsquoten sind im Zeitablauf variierbar. 
Dabei werden durch das Computerprogramm 
Interpolationen und Anpassungsrechnungen 
ausgeführt: z.B. werden nach Ânderung 
einer Übergangsquote die restlichen Quoten 
mit dem selben Index des Lieferpols auto- 
matisch proportional geëändert, damit die 
Konsistenzbedingung (3) fur alle i Liefer- 
pole erfüllt ist. Wird eine Strômungsquote 
für zwei Perioden #& und #£+l1 festgelegt, so 
interpoliert das Programm die Ubergangs- 
quoten der dazwischenliegenden Jahre 
linear. Die Verlaufsrechnungen werden mit 
dem Einsatz einer Basismatrix der Über- 
gangsquoten (Übergangsquotenmatrix zum 
Zeitpunkt £,) gestartet. 

Fur die folgenden Jahre kônnen entweder 
konstante oder variable Übergangsquoten 
Verwendung finden. Der Einsatz der vari- 
ablen Struktur ist wegen trendmäsziger 
Entwicklung von Übergangsquoten oder bei 
Vorgabe von Zielwerten geboten. 

Bei den bisher durchgeführten Alternativ- 
rechnungen wurde als Basismatrix eine 
Matrix von Übergangsquoten verwendet, die 
auf empirischer Basis ermittelt wurden 
[151]: 

Für die Schuljahre 1966/67 und 1967/68 
hat die Arbeitsgruppe für empirische Bild- 
ungsforschung Übergangsquoten in einer 
Stichprobenerhebung in Baden-Württemberg 
ermittelt. Durch zwei weitere Stichproben 
in den beiden folgenden Jahren ist die 
AfeB nun in der Lage, trendmäszige Verän- 


derungen der baden-württembergischen Über- 
gangsquoten in einer Zeitreihe festzustel- 
len. Diese Trends werden im oben [16] 
genannten Band dargestellt und — soweit 
môglich — kommentiert. Im Rahmen von 
Planungsmodellen werden die Matrizen der 
Strümungsquoten zu den jeweiligen Zeit- 
punkten für die Korrektur der Basismatrix 
verwendet werden. Die prognostizierten 
jährlichen Schüler- und Studentenbestände 
gehen im Subsystem 'Lehrermodell' in die 
Bestimmung des Lehrerbedarfs und über eine 
Weiterverfolgung der Absolventen des 
Schulwesens in die Prognose des Lehrerange- 
bots ein. 

Auch zur Bestimmung des Raumbedarfs wer- 
den die prognostizierten Bestände 
gebraucht. Schlieszlich flieszen Bestands- 
grôszen aus Verlaufsmodell, Lehrermodell1 
und Raummodell in das Finanzmodell ein. 
Multipliziert mit typischen Werten, bzw. 
Richtwerten für Kostenarten, ergeben sich 
— summiert Über die Komponenten — die 
Gesamtkosten des Bildungswesens. 

Aus dem Modell wird zur Zeit ein Länder- 
model1l für Baden-Württemberg erarbeitet, 
das durch die Füllung mit den von der AfeB 
in Baden-Württemberg erhobenen Strümungs- 
quoten eine besonders gute empirische 
Basis haben wird, Auszerdem so11 — neben 
anderen Masznahmen — das Modell durch die 
Aufnahme regionalspezifischer und schicht- 
spezifischer Schülerstrôme verfeinert wer- 
den. Auch dafür werden die in Baden-Würt- 
temberg erhobenen Daten Verwendung finden. 
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ungsprozesse bei S. Bowles: er verwen- 
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Modell — gruppenspezifische Strômungs- 
quoten. S,. Bowles: a,a.0. 

Ein Beispiel für ein Modell, das mit 
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Siehe J.,Benard: a.a,0.,1522228 
KONRAD, KURTH, OH, SUTTER, VOLLET, von 
WEIZSACKER, 'Simulationsmodell für 
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Planck-Gesellschaft (Hrsg.), S.157 ff, 
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13. Siehe [11]. 

14. Ein früheres Modell, das eine Arbeits- 
gemeinschaft aus Prognos, Fides und 
Arbeitsgruppe für empirische Bildungs- 
forschung im Auftrag des Bundesmini- 
steriums für Bildung und Wissenschaft 
erarbeitet hat, verwendete simultan 
eine aktuelle und eine reformierte 
Struktur, die nebeneinander geführt 
wurden. Die Methode der parallelen 
Struktur erfordert jedoch eine prinzi- 
piell grôszere Speicherkapazität. Vgl. 
Prognos, Fides, AfeB: Dynamisches 


Strukturmodell für das Bildungswesen 
der Bundesrepublik Deutschland, Forsch- 
ungsauftrag des Bundesministers für 
Bildung und Wissenschaft, Basel, Zür- 
ich, Heidelberg (1971). 

15. Für den Hochschulbereich ging die 
Arbeitsgruppe für empirische Bildungs- 
forschung von den noch im ‘Dynamischen 
Strukturmodell' verwendeten Promotions- 
quoten ab. (Vgl. Prognos-Fides-AfeB: 
Dynamisches Strukturmodell für das 
Bildungswesen der Bundesrepublik 
Deutschland, Ban 2, S.51 ff) Die Pro- 
motionsquoten sind im Gegensatz zu den 
Übergangsquoten nicht an die genannte 
Konsistenzbedingung gebunden. Bei Vari- 
ierung der Promotions quoten werden 
daher die Interdependenzen nicht auto- 
matisch berücksichtigt. 

LS AVERTE: 


Zur politischen Ükonomie der Wissenschaft 


DR M. DAXNER 


Bundesministerium für Wissenschaft und Forschung, Wien, Austria 


hs 
Es soll hier nicht versucht werden, an das 
Problem in Form einer umfassenden wissen- 
schaftstheoretischen Konzeption heranzuge- 
hen. Auch sollen bestehende Ansätze einer 
Kritik der politischen Okonomie des Wissen- 
schaftssektors nicht einfach repetiert 
werden; in Ergänzung zu den Arbeiten von 
PÜLL und NIEDERWEMMER zu diesem Kongresz 
soll versucht werden, das Problem thesen- 
haft zu formulieren und im Anschlusz daran 
einige Môglichkeiten zu entwickeln, von 
den bestehenden widersprüchen aus zu einem 
praktischen Weg zu gelangen, wissenschaft 
bewuszt und kritisch in gesellschaftlichen 
Planungs prozessen einzusetzen, ohne von 
ihr und denen, die sie beherrschen, beher- 
rscht zu werden. : 

Es handelt sich also um 6konomische, 
politische und teilweise moralische Prob- 
leme, die berücksichtigt werden müssen. 

Wir gehen davon aus, dasz Wissenschaft 
nur im gesellschaftlichen Kontext zu ver- 


stehen ist; in Anlehnung an Hofmann [1] 
verstehen wir unter Wissenschaft ein sys- 
tematisches und gemeinsames Suchen nach 
Erkenntnis, dem letztlich immer ein gesel- 
1ischaftlicher Zweck unterstellt ist. Der 
einzelne Wissenschaftler kann aktiv immer 
an dieser Erkenntnissuche partizipieren, 
sie in ihrer Gesamtheit repräsentieren 
kann er nicht mehr: zum einen, weil die 
Wissensmenge zu grosz ist, zum anderen 
aber, weil die der Wissenschaft unterstel- 
lten Zwecke sich grundlegen gewandelt 
haben; konnten zur Zeit der Renaissance 
Wirtschaft, Staat und Kirche sich noch 
ohne wissenschaftliche Erkenntnis behaup- 
ten, so ist das heute, was die sozialôkon- 
omischen Grundlagen der Gesellschaft 
betrifft, nicht mehr môüglich. 

Umgekehrt konnte die Wissenschaft nur 
solange den Anspruch auf Autonomie erheben, 
solange sie nicht ihre Erkenntnisobjekte 
in Form allgemeingesellschaftlicher Zwecke 
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vorgeschrieben erhielt. 

Wenn wir etwa die Sphäre der gesell- 
schaftlichen Planung betrachten, in der 
für künftige Zeitpunkte 6konomische und 
politische Entscheidungen vorbereitet wer- 
den, so kann dies nur mithilfe einer dur- 
chaus parteiischen, nicht-wertfreien Wis- 
senschaft geschehen, die nicht blosz 
Erfüllungsgehilfe herrschender Ideologien 
ist. Wir werden versuchen, diese Zusammen- 
hänge zu erhellen: 

‘Man musz von vornhereïin klarstellen, 

dasz die besondere gesellschaftliche 

Relevanz von Wissenschaft und Technik 

nicht aus ïihnen selbst entspringt, son- 

dern aus den gesellschaftlichen Verhält- 
nissen, in denen sie angewendet werden." 

(Altvater) [2] 

Damit ist nur gemeint, man solle Wissen- 
schaft nicht als ontologische Kategorie 
der Gesellschaft gegenüberstellen, quasi 
als spirituell-unparteiischer Pol gegen 
die Welt der divergenten Interessen. Die 
Fragestellung hat also zu lauten: Unter 
welchen Verhältnissen wird Wissenschaft 
heute angewendet und welche 6konomischen, 
politischen und moralischen Prämissen sind 
zu ihrem Verständnis nôtig? 


2; 
Die Suche nach Erkenntnis kann subjektiv 
verschiedenen Grad an Bedeutung für den 
Einzelnen haben, ihre Erkenntnisobjekte 
sind jedenfalls auch beim Einzelnen gesell1- 
schaftlich definiert: aus seiner Erfahrung 
in der Welt, in der Auseinandersetzung mit 
den Menschen seiner Gesellschaft und mit 
der Natur. Es besteht ein Netz von Bezie- 
hungen. 

Ausgehend von den Beziehungen zwischen 
Erkenntnis und Interesse [3] im gesell1- 
schaftlichen Bereich kann festgestellt 
werden, dasz der Objektbereich der Wissen- 
schaft, also ihre Erkenntnisobjekte, immer 
historisch bestimmbare Dimensionen hat. 

Zur Vereinfachung der kommenden Argumente 
Überspringen wir eine wichtige Diskussions- 
stufe, nämlich die Analyse des Zusammen- 
hangs von gesellschaftlichen Interessen 

und Erkenntnisobjekten; dies wäre Aufgabe 
der Wissenschaftstheorie, Im weiteren soll 
abgekürzt das folgende behauptet werden: 
wenn von der Grundannahme von materieller 
Basis und Überbau ausgegangen wird, so ist 
der Objektbereïich der Wissenschaft weitge- 
hend durch die Sphäre der Produktion 
bestimmt, soweit es sich um warenproduzier- 
ende Gesellschaften handelt [4]. Wir wollen 
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diese Problematik hier nur zur Kenntnis 
nehmen und nicht weiter behandeln. Es ist 
allerdings klar, dasz idealistische Wissen=… 
schaftskonzeptionen zu vôllig anderen Aus- 
sagen kommen kônnen, bzw. dasz alle 6kono- 
mischen und politischen Versuche, die 
warenproduzierende Gesellschaft in eine A 
Form ohne den Widerspruch von Kapital und 
Lohnarbeit überzuführen, ihren Reflex in 

der wissenschaftlichen Sphäre hat [5]. 

Was kann nun Inhalt der wissenschaftlichen 
Erkenntnis sein? : 

Entweder neue Objekte menschlicher Be- 
dürfnisse, welcher Art immer diese sein 
mügen; oder Anleitungen zu einer besseren 
Herstellung dieser Objekte, seien sie neu 
oder schon bekannt. 

Zum ersten: die Skala der menschlichen 
Bedürfnisse reicht in diesem Sinn vom Über- 
leben bis zu den verfeinerten Individual- 
wünschen, wobei für die Produktion vor 
allem die gesellschaftliche Vermitteltheit 
der Bedürfnisse von Bedeutung ist und 
nicht sosehr deren '"'Berechtigung', die ja 
nur aus einem kritischen Standpunkt über- 
haupt gefragt werden kann, Zum zweiten: es 
gibt eine Menge Gründe, die Produktion von 
Waren in irgendeiner Weise zu 'verbessern!: 
rationeller, kostensparender, einfacher, 
oder auch umweltschonender und qualitativ 
hochwertiger. In jedem Fall ist das Objekt 
der Produktion vorgegeben, der Einsatz der 
Wissenschaft bezieht sich auf den Akt 
seiner Produktion, 

Nach dem bisher gesagten ist sogenannte 
‘reine! Wissenschaft nur dort denkbar, wo 
ein gesellschaftlich vermitteltes bedürfnis 
von seinen Objekten abgelenkt wird, aus 
welchen Gründen immer. Das bedeutet: wenn 
eine politische Entscheiïidung gefällt wor- 
den ist, dasz der vornehmlich auf die Pro- 
duktion gerichtete Charakter von Wissen- 
schaft verschleiïiert werden soll, dann wird 
Erkenntnis als besonderer Selbstzweck 
hingestellt und die Trennung von Erkenntnis 
und Verwertung propagiert. Der oftzitierte 
militärisch-industrielle Komplex mag hier 
nochmals als Beispiel herhalten, weil 
gerade die Diskussion um wissenschaftliche 
Erkenntnis und Waffenproduktion die Wirk- 
ung gesellschaftlicher Widersprüche in der 
Wissenschaft selbst deutlich zum Ausdruck 
bringt [6]. 

Wenn solcherart die Produktion zum Zen- 
trum wissenschaftlichen Erkenntnisinter- 
esses gemacht wird, kôünnte der Einwand 
erhoben werden, dasz erstens die Sphäre 
der Distribution und Konsumtion ausgeklam- 
mert wurde und damit weite Bereiche von 
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Investitionen in Wissenschaft unerwähnt 
bleiben; und zweitens, dasz die wissen- 
schaftliche Erkenntnis gesellschaftlicher 


| Phänomene selbst doch schwerlich als pro- 


duktionsbezogen aufgefaszt werden dürfen. 
Dieser zweifache Einwand wiegt bedeutend,. 
Wir müssen bedenken, dasz die Produktion 
von Waren nicht von deren Käufern zu 1ôsen 
ist, dasz der Tertiärsektor weitgehend das 
pragmatischtechnologische oder das sozial- 
psychologische Feld dieser Beziehung ab- 
deckt. In diesen Bereichen setzt Wissen- 
schaft sowohl bestimmte Produkt-Systeme 
voraus als auch erkennbare Systeme sozialer 
Beziehungen, in denen ihre Modelle wirksam 
und ihre Resultate angewendet werden 
kônnen. Wissenschaft selbst kann diese 


Vorgaben in geringem Masz modifizieren, 


aber nicht grundlegend verändern (dasz sie 
die Veränderung denken kann, ist ein andres 
Problem!). 


Zusammengefaszt kann gesagt werden: Wis- 


senschaft /als gesellschaftlich bestimnte 
Erkenntnissuche ist produktionsorientiert, 


soweit in warenproduzierenden Gesellschaft- 
en eben jedes Bedürfnis sein Objekt in 
Warenform vorfindet. 

Wenn wir auf die gegenwärtige Gesell- 
schaft bezogen weiterargumentieren, so dür- 
fen wir doch nicht vergessen, dasz durch- 
aus andere Wissenschaftssysteme denkbar 
sind, wenn diese Bedingung fortgefallen 
ist: 

Auch kônnen wir diese Aussage so nicht 
bestehen lassen. Sie gibt nämlich weder 
Auskunft über die müglichen Alternativen 
in nichtwarenproduzierenden Gesellschaften, 
noch läszt sie jene Negation des Bestehen- 
den zu, in der Wissenschaft Teil der 
materialen Kritik einer bestimmten Gesel1- 
schaft wird. 

Wollen wir der Behauptung vom Grundwider- 
spruch der kapitalistischen Gesellschaft 
als einem zwischen Kapital und Lohnarbeit 
folgen, so müssen wir für die Wissenschaft 
diesen Widerspruch in Frage nach dem cui 
bono? ansetzen. Denn ein und dieselbe 
Erkenntnis kann in ihrer integration in 
die produktionsmittel und/oder die Hirne 
der Produzierenden vôllig entgegengesetz- 
ten Zielen dienen, die nicht schon in der 
Form des Ergebnisses von Forschung implizit 
sind. Demnach ist für die politische Üko- 
nomie der Wissenschaft das Problem, wer 
materialiter die Ziele und Normen festsetz- 
en kann, und wie sich die Objekte der 
Erkenntnis in den gesellschaftlichen Pro- 
zess von Leben und Arbeit vermitteln las- 
sen, 


5: 
‘,..wissenschaftliche Arbeit ist nicht 
per se produktiv, sondern nur in ihrer 
Anwendung innerhalb des Produktions- 
prozesses, sei es als inkorporierte 
Qualifikation von Arbeistkräften, sei es 
als in den Produktionsmitteln inkorpori- 
a technischer Fortschritt' (Altvater) 
AS 

Das bedeutet, dasz sich jede wissenschaft- 
lîiche Arbeit innerhalb bestimnter Bandbrei- 
ten dem Diktat des Produktionsprozesses 
beugen musz (wobei diese Bandbreite durch 
den jeweils ideologisch feststellbaren 
Stand von 'wissenschaftlicher Freiheit! 
darstellt). Das ganze Problem der akademi- 
schen Wissenschaft wird hier akut, über- 
haupt dort, wo man die Selbstständigkeit 
der Wissenschaft gegenüber der sonstigen 
gesellschaftlichen Entwicklung betont [8]. 
Doch zurück zur Produktion: 
"Die Forschung ist die Vorhut der Pro- 
duktion ... es nützt aber nichts, wenn 
sie schneller vordringt, als die Produkt- 
ion ihr folgen kann' (Janossy) [9]. 
Wenn entweder der Stand der Produktivkräfte 
den Erfordernissen der verwertungsträchti- 
gen wissenschaftlichen Ergebnisse noch 
nicht entspricht, oder wenn das Verwertungs- 
interesse des Kapitals der sofortigen 
Anwendung entgegensteht, dann wird ein 
solches Ergebnis Ükonomisch auf Eis gelegt 
(um, wenn die Zeit zur 'Verwertung reif! 
ist, wieder aufgetaut zu werden). [10] 
So war das Verwertungsinteresse für 6kolo- 
gische Forschungsergebnisse lange Zeit dem 
einer hektischen Produktion zB, von Auto- 
mobilen untergeordnet, die Trendumkehr 
erfolgt heute zu einem Zeitpunkt, wo die 
Produkte sich selbst gegen eine expansions- 
verpflichtete Produktion wenden. Gleiches 
gilt von der Anwendung der Wissenschaft 
im Produktionsprozesz selbst: 
‘'Wissenschaft ist zwar in der Autopro- 
duktion inkorporiert, aber kaum angewend- 
et zur Behebung der Umweltschäden durch 
die immer produktiver produzierten Autos! 
(Altvater) [11]. 
Hier findet sich der vorhin besprochene 
Einwand in abgewandelter Form wieder: sei 
nicht gerade die nichtproduktionsbezogene 
Forschung von allgemeinstem Interesse, 
denken wir an die medizinischen Wissen- 
schaften, die Sozialwissenschaften mit 
ihrer Erkenntnisfülle Über gesellschaftli- 
che Systemzusammenhänge und dergleichen. 
Hier zeigt sich aber nun überdeutlich 
der oben explizierte Widerspruch in der 
Wissenschaft: natürlich ist es ein vor- 
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rangiges, allgemeines Bedürfnis, seine Um- 
welt lebensfähig zu halten, seine sozialen 
Bezüge rational zu erkennen und so weiter. 
Aber gerade dieses Bedürfnis wird ja ver- 
nachlässigt, insoweit in diese Wissenschaft- 
en entweder nur ein Uberschusz von Investiv- 
kapital geleitet wird, oder aber diese 
Forschungen in modifizierter Form der 
Produktion dienen, indem die gewonnenen 
Erkenntnisse dem Verwertungsinteresse 
untergeordnet werden. 

Auch wenn die moralische Überzeugung da- 
gegensteht, ist es politôükonomisch durch- 
aus denkbar, dasz medizinische Wissenschaft 
zur Erhaltung menschlicher Arbeitskraft 
unter den Bedingungen der Entfremdung misz- 
braucht wird, dasz der Umweltforschung 
selbst neue Märkte entstehen werden. Auch 
Wissenschaft — nach Marx Produkt geistiger 
Arbeit — hat die Warenform ihrer Umgebung 
angenommen (mit den oben genannten Ein- 
schränkungen). 

Wir kommen hier zum Problem der Dicho- 
thomie von politischôkonomischer Realität 
und moralischem Bewusztsein der Wissen- 
schaftler,. 

Das Ethos, dem einzelnen oder einer 
Allgemeinheïit durch Wissenschaft zu dienen, 
mag dem individuellen Forscher nicht 
abgesprochen werden. Gerade die Trennung 
zwischen persônlicher Ethik und Unterwer- 
fung unter die 'Sachzwänge' der Gesel1- 
schaft bedeutet aber die Anerkennung eines 
status quo, der mit wissenschaftlicher 
Freiheit nichts zu tun hat. Denn diese 
Sachzwänge schauen konkret für den einzel- 
nen Forscher so aus, dasz seine individu- 
elle Bkonomische Grundlage vom Annehmen 
oder Ablehnen von Aufträgen, bzw. der 
Anerkennung von Rahmenbedingungen für 
seine Fragestellungen abhängt. Diese 
Abhängigkeit kann ihn bis zur Aufgabe 
seines Berufes bringen. Andrerseits kônnen 
in Zeiten der Prosperität die Grenzen der 
Forschungsfreiheit, also der Môglichkeit, 
Erkenntnisobjekte zu realisieren, weiter 
gespannt werden als in Zeiten der Rezess- 
ion. Wo um die Profite gefürchtet wird, 
wird 'praxisorientiert' geforscht, d.h. 
unmittelbar produktionsbezogen: der Sachz- 
wang ist keine Naturnotwendigkeïit, er ist 
zerstôrbar, aber nur, wenn man sich nicht 
in den abhängigen Wissenschaftler und den 
freien aber moralischen Menschen aufspalt- 
et. 


4. 
Nach all diesen Thesen sehen wir nur, 
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wievieles in der kurzen Zeit offen bleïben 
muszte. Allerdings haben die sogenannten 
‘neuen Wissenschaften' — wie die Logistik, 
die Kybernetik, aber auch Teile der Gesell 
schaftswissenschaft — das Problem schärfer 
als je zuvor sichtbar gemacht. n 
Wird Wissenschaft heute doch interdiszi=--. 
plinär und/oder transdisziplinär [12] eïin- 
gesetzt, und zwar nicht nur in ihrer un- 
mittelbar produktionsbezogenen Form, 
sondern schwerpunktig in der Planung von 
gesellschaftlichen Zuständen, deren kon- 
krete Erscheinungsform alles andere als 
gesichert ist. LEIBFRIED weist den*Einsatz 
von Wissenschaftlern in der Systemforschung 
unter den genannten 6konomischen Bedingung-" 
en nach [13]. Und LENK weist auf einen 
Widerspruch innerhalb der politischen 
Planung hin, wenn er sagt: 
Wissenschaftliche Theorien kônnen dem 
Planer Entscheïidungen über Optimalitäts- 
kriterien nicht abnehmen — selbst dann 
nicht, wenn er sich damit-begnügen kann, 
mehrere Alternativpläne, Alternativ- 
modelle aufzustellen und dem Politiker 
die Entscheidungen zwischen ïihnen zu 
überlassen [14]. 
Hier hat sich das Bewusztsein der arbeits- 
teilig produzierenden Gesellschaft selbst 
gefangen, wenn der Planer nicht-Wissen- 
schaftler und nicht-politiker und nicht 
beides zusammen ist. In der Kritik der 
politischen Ükonomie der Wissenschaft kann 
dieses Problem zumindest klarer herausges- 
tellt werden: wenn man nämlich aufweist, 
wie die Produktionsinteressen sowohl die 
politischen Entscheidungen beeinflussen, 
als sie auch — uber die gesellschaftlichen 
Bedürfnisse vermittelt — die Grundlagen 
der Planung bestimmen wollen. 


Sa 
Ein letztes noch zum Problem der Umsetzung 
von Wissenschaft in den Bildungs- und Aus- 
bildungsstätten. 

Nicht zufällig hat sich mehr oder 
weniger reflektiertes gesellschaftliches 
Unbehagen immer stärker auf die Hochschul- 
en konzentriert. Es kann nämlich fest- 
gestellt werden, dasz am Schnittpunkt von 

— scheinbar voneinander autonomen — Bild- 
ungs- und Produktionsinteressen die Wider- 
sprüche der Wissenschaft besonders deutlich 
zu erkennen sind: zum einen sollen die 
Absolventen von Hochschulen die 6konomisch 
erforderliche Qualifikation besitzen, zum 
anderen wird in der Lehrerausbildung die 
Reproduktion der Ideologien für künftige 


Generationen bewerkstelligt. Nachdem es 

nun keine synchronen Interessen verschied- 
ener gesellschaftlichen Gruppen gibt, 
sondern die analogen Bedürfnisse je nach 
.ükonomischen und politischen Ursachen 
beschleunigt oder verzügert aufscheinen, 
kann leicht erklärt werden, warum auf den 
Universitäten die zumindest theoretische 
Trennung des ideologischén Konglomerats 
gelingen konnte: die unorganisierte Ansamm- 
lung von Fakten und Faktoren liesz Auswahl- 
kriterien etwa durch Hochschullehrer zu, 
die den aktuellen Interessen der Wirt- 
schaft schon nicht mehr entsprachen, oder 
diese stellte Forderungen an die Ausbild- 
ung, die die Hochschule aufgrund mangelnder 
Mobilität nicht erfüllen konnte. 

Der nächste Erkenntnisschritt war ein- 
fach: die Einheit der Wissenschaft zerbrach 
auch formell, nachdem sie inhaltlich durch 
die der arbeitsteiligen Gesellschaft ent- 
sprechenden Vereinzelungen der Wissen- 
schaften 1ängst verloren war. Über die 
politischen Konsequenzen kann hier nicht 
gesprochen werden, es ist auch nicht der 
rechte Anlasz. Ich hoffe aber, ein wenig 
zur Klärung eines brisanten Themas beige- 
tragen zu haben. 
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Zur Wirtschaftlichkeit der Wissenschaft 
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Wenn im nachfolgenden Referat auf das Prob- 
lem der Wirtschaftlichkeit der Wissenschaft 
eingegangen wird, ist zunächst festzulegen, 
was unter ‘"Wissenschaft' verstanden werden 
soll. Dabeiïi sollen keine diffizielen Defi- 
nitionsversuche durchgeführt werden (weil 
dies für die vorliegende Studie nicht 
nôtig ist), sondern unter 'Wissenschaft! 
zunächst einfach nur diejenigen Prozesse 
verstanden werden, die sich bemühen, alles, 
was ‘'ist', nach bestimmten intersubjektiv 
nachprüfbaren Regeln begrifflich zu erfas- 
sen und in den gegenseitigen Beziehungen 
darzustellen [1]. Später wird diese Defini- 
tion noch zu erweitern sein. 

Die Erklärung dessen, was 'ist', ist 
der unmittelbare Zweck der Wissenschaft. 
Mit dieser Antwort ist aber sofort eine 
weitere Frage verbunden: Warum soll diese 
Erklärung vorgenommen werden? Was ist der 
Zweck bzw. der Grund dieser Erklärung? 
Oder noch anders formuliert: Was ist der 
mittelbare Zweck der Wissenschaft? 

In der Beantwortung dieser Frage 
deutlicher Wandel feststellbar; da 
unsere Untersuchung Bedeutung hat, 
kurz dargestellt werden. 

Durch lange Perioden der Menschheits- 
geschichte war die Ansicht vorherrschend, 
dasz Wissenschaft um ihrer selbst willen 
zu betreiben sei, weil es zur 'Natur' des 
Menschen gehore, die ‘Welt' bewuszt zu 
erleben und nicht nur wie das Tier einfach 
und unreflektiert in ihr zu leben. Da man 
diejenigen Güter, die dazu beitragen, den 
Menschen zum ‘Menschen' zu machen, Bildungs- 
güter nennt, wurde die Wissenschaft als 
Bildungsgut angesehen, das um seiner 
selbst willen konsumiert wurde, wie wir in 
heutiger Terminologie sagen würden. Ein 
besonders markanter Vertreter dieser 
Ansicht ist Alexander von Humboldt, der 
seinerzeit in der Humboldtschen Universi- 
tätsreform die Universität auf dieses 
Bildungsziel hin ausrichtete [2]. Hervor- 
zuheben ist, dasz dann, wenn Wissenschaft 
um ihrer selbst willen betrieben wird, sie 
selbstverstandlich keine wirtschaftliche 
Veranstaltung ist und das Wirtschaftlich- 
keitsprinzip in ihr keinen Platz hat [3]. 

Die Ansicht, Wissenschaft sei um ihrer 
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selbst willen zu betreiben, wird heute 
jedoch nur mehr in Sonntagsreden, nicht 
mehr aber de facto vertreten. Denn als man 
erkannt hatte, dasz Wissenschaft ein sehr 
wichtiger — noch dazu unverbrauchlicher — 
Produktionsfaktor ist [4], trat das Be- 
mühen, die Wissenschaft 6konomisch zu 
nutzen, so stark in den Vordergrund, dasz 
man heute feststellen musz, dasz Wissen- 
schaft nicht mehr als 'Konsumgut', sondern 
als 'Investitionsgut' angesehen wird. Für 
diese These lassen sich zahlreiche Beweise 
beïibringen. Zu erwähnen ist hier das . 
Bemühen der meisten Staaten, Wissenschaft 
deshalb zu fürdern, um in der 6konomischen 
Entwicklung nicht ins Hintertreffen zu 
geraten. Es wurden bzw. es werden in 
vielen Staaten Statistiken erarbeitet, um 
den künftigen Akadmeikerbedarf festzustel- 
len und es wurden bzw. werden geeignete 
Masznahmen ergriffen, diese Planzahlen 
auch zu erreichen, was nicht nôtig wäre, 
wenn das Humboldtsche Bildungsideal noch 
ungebrochen in kraft wäre [5]. Als weiteres 
darf die Zeitspanne erwähnt werden, die 
heute benôtigt wird, um wissenschaftliche 
Erkenntnisse in die industrielle Praxis 
umzumünzen. Neuere Untersuchungen haben 
gezeigt, dasz diese Zeitspanne nicht nur 
kürzer wird, sondern dasz auch ein erheb- 
licher Teil der neueren wissenschaftlichen 
Erkenntnisse in direktem Zusammenhang mit 
der Produktion neuer Güter steht und aus 
diesem Grunde veranlaszt wurde [6]. 
Schlieszlich sind auch die in vielen Länd- 
ern betriebenen Studienreformen zu erwähn- 
en, die daraus hinauslaufen, die Studien- 
pläne, nach denen die Ausbildung der 
Studierenden erfolgt, stärker als früher 
auf die Berufserfordernisse auszurichten 
[7]. Das Studium wird immer mehr als 
Berufsvorbereitung aufgefaszt, was klar 
die Ansicht, Wissenschaft sei ein Investi- 
tionsgut, beleuchtet. 


LES 
Die Entwicklung der Wissenschaft von einem 
Konsumgut zu einem Investitionsgut hat 
bedeutsame Auswirkungen, weil eine so auf- 
gefaszte 'Wissenschaft' selbstverständlich 


ebenfalls denjenigen Regeln unterliegt, 
die für Investitionsgüter gelten. Von 
diesen Regeln sind besonders zwei zu er- 

| wähnen: die Dynamisierung der Wissenschaft 
| und die Geltung des Wirtschaftlichkeits- 
prinzips. 

Der heutige Investitionsgütermarkt ist 
dynamisch, weil in der Regel ein neues 
Investitionsgut besser iSt als das alte, 
so dasz es zum Angreifer (Challenger) wird 
und das alte aus seiner Stellung im Pro- 
duktionsprozesz vertreiben will [8]. Daher 
bemüht man sich auch im Bereich der Wissen- 
schaften, immer neue Erkenntnisse zur Ver- 
fügung zu haben und zu verwerten. Da die 
neuen Erkenntnisse durch die Forschung 
erzielt werden, schiebt sich die Forschung 
so stark in den Vordergrund des Wissen- 
schaftsbetriebes, dasz Wissenschaft heute 
vielfach mit Forschung identifiziert wird. 
Dies zeigt sich nicht nur in der starken 
Zunahme derjenigen Institutionen, die, 
wenn auch»mit unterschiedlicher Bezeich- 
nung, sich überwiegend mit Forschung 
beschäftigen [9], sondern auch in den in 
vielen Staaten beobachtbaren Versuchen, 
Forschungsvorhaben zu finanzieren und auch 
Forscherpersünlichkeiten auf breiter Basis 
heranzubilden. Ersterem Zweck dienen ins- 
besondere die Errichtung von Forschungs- 
fonds und anderen Finanzierungsinstitu- 
tionen [10], letzterem Zweck vor allem die 
Studienreformen und der Ausbau des 
Stipendienwesens. Die Studienreformen wer- 
den wie schon erwähnt immer mehr auf die 
Berufsvorbereitung ausgerichtet, das Sti- 
pendienwesen ist längst aus einer mehr 
oder minder charitativen ‘'Unterstützung! 
durch Eliminierung des Freiwilligkeits- 
charakters und Herausarbeitung des 
Rechtsanspruches zu einer 'Finanzierungs- 
institution für Forschernachwuchs' geword- 
en [11]. 

Ein zweiter nicht minder wichtiger und 
die Wissenschaften verändernder Aspekt, 
der mit dem Übergang vom Konsumgut zum 
Investitionsgut eintrat, ist die Geltung 
des Wirtschaftlichkeitsprinzips auch in 
den Wissenschaften. In der Wirtschaft im 
allgemeinen und bei den Investitionen im 
besonderen wird getrachtet, einen bestimm- 
ten Erfolg durch eïnen môglichst sparsamen 
Mitteleinsatz oder umgekehrt mit einem 
gegebenen Mitteleinsatz einen môglichst 
groszen Erfolg zu erreichen., Es wird also 
ein Prinzip unterstellt, dasz man in den 
Wirtschaftswissenschaften als ‘Wirtschaft- 
lichkeitsprinzip' oder auch als '6kono- 
misches Prinzip' bezeichnet [12]. Die Gel- 


tung dieses Prinzips wird zwar vielfach — 
und zwar aus sehr verschiedenen Gründen — 
angezweifelt [13]. Es wird aber durch die 
Erfahrung bestätigt, dasz es solche 
Bereiche der Wirtschaft gibt, die so 
rational gestaltet werden, dasz in ihnen 
die Geltung des Wirtschaftlichkeitsprinzips 
durch die Erfahrung bewiesen wird. Der In- 
vestitionssektor gehôrt ohne Zweifel zu 
diesen Bereichen, weil Unternehmer bei 
ihren Investitionen rationaler vorgehen 
als Konsumenten bei ihren Einkäufen. 
Solange Wissenschaft nur ein Bildungsgut 
war, war für die Anwendung des Wirtschaft- 
lichkeitsprinzips kein Platz. Wenn es aber 
Zweck der Wissenschaft wird, als Investi- 
tionsgut im Produktionsprozesz angewendet 
zu werden, wird selbstverständlich auch 
hier nach der Maxime vergegangen werden, 
diesen Zweck mit einem müglichst sparsamen 
Mitteleinsatz zu erreichen.,. Die Wissen- 
schaften werden dem Wirtschaftlichkeits- 
prinzip unterworfen, sie werden zu einer 
‘'6konomischen Veranstaltung'. 


WP 
Die Geltung des Wirtschaftlichkeitsprinzips 
in der Wissenschaft zeïigt sich zunächst 
darin, dasz beim 'Betreiben der Wissen- 
schaft' und hier wiederum insbesondere bei 
der 'Forschung' getrachtet wird, mit den 
zur Verfügung stehenden Mitteln, die in 
der Regel knapp sind, einen môglichst 
groszen Erfolg zu erreichen. Dieses ‘'Wirt- 
schaftlichkeitsprinzip erster Ordnung"', 
das das Betreiben der Wissenschaft selbst 
betrifft, will bewirken, dasz mit knappen 
Mitteln ein müglichst groszer wissenschaft- 
licher. Fortschrittuerreichtiwird:=Dieses 
Prinzipegilt auch: in den —\ in der Praxiz 
wohl äuszerst selten wenn überhaupt anzu- 
treffenden — Fällen, in denen Forscher aus 
vollem schôpfen kôünnen und die Mittel für 
die Forschung nicht knapp sind. Denn auch 
hier wird getrachtet werden, môglichst 
viele neue Erkenntnisse zu sammeln und so 
môglichst viel für den wissenschaftlichen 
Fortschritt beizutragen [14]. 

Um im Wissenschaftsbetrieb die Erreich- 
ung dieses Wirtschaftlichkeitsprinzips 
erster Ordnung zu ermôglichen und so die 
Effizienz der Wissenschaft zu steigern, 
hat man sich bemüht, den Wissenschaftlern 
zur wirtschaftlicheren Ausnutzung der 
ihnen zur Verfügung stehenden Resourcen 
geeignete Hilfsmittel (Instrumente) zur 
Verfügung zu stellen. Es darf in diesem 
Zusammenhang an die verschiedenen Masz- 
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nahmen zur Steigerung der Kreativität [15] 
ebenso erinnert werden wie an die Entwick- 
lung von Netzwerktechniken (die eine bes- 
sere Zeitausnutzung ermôglichen) [16] und 
an die verschiedenen Simulationsmodelle 

für Forschungsvorhaben [17]. Es gibt auch 
umfangreiche Literatur, die sich mit der 
wirtschaftlichen Gestaltung von Forschungs- 
vorhaben beschäftigt [18]. 


IV. 
Mit dieser Wirtschaftlichkeit erster Ord- 
nung wäre die Wirtschaftlichkeit der Wis- 
senschaft dann, aber auch nur dann, 
zureichend geklärt, wenn die Wissenschaft 
nur ein Konsumgut wäre. Denn von der Wis- 
senschaft als Konsumgut gehen keine weiter- 
en stôrenden Auswirkungen aus, die eine 
weitere Untersuchung verlangen würden. 
Dies ist nicht bei allen Konsumgütern der 
Fall (z.B. nicht bei solchen, die die Um- 
welt verschmutzen), die Wissenschaft 
gehôrt jedoch nicht zur Kategorie dieser 
Konsumgüter. Wird Wissenschaft aber zum 
Investitionsgut — wie dies heute der Fall 
ist — gewinnt das Wirtschaftlichkeitsprin- 
zip noch weitere Dimensionen, weil Investi- 
tionsgüter Auswirkungen nach sich ziehen, 
die zu beachten sind, wenn das Wirtschaft- 
lichkeitsproblem vollständig beschrieben 
werden soll. 

Von diesen Auswirkungen sind zunächst 
die von einem Investitionsgut auf die 
anderen in der Produktion bisher eingesetz- 
ten Faktoren ausgehenden Substitutions- 
wirkungen zu beachten. Investitionen führen 
in aller Regel (die Ausnahmen sind so 
selten, dasz sie vernachlässigt werden 
kônnen) dazu, dasz ein oder mehrere Pro- 
duktionsfaktoren, die bisher für eine 
Produktion benôtigt wurden, in der Folge 
entweder nur mehr in geringerer Menge 
(= periphere oder Randsubstitution) oder 
Überhaupt nicht mehr (= alternative Substi- 
tution) eingesetzt werden [19]. Es kommt 
also zu einer Verschiebung in den Einsatz- 
mengen, was wWiederum, da Verschiebungen in 
den benôtigten Mengen Rückwirkungen auf 
die Preise und die Einkommen haben, in der 
Folge Preis- bzw. Einkommensänderungen 
auslôüst. 

Die Wissenschaft als Investitionsgut ist 
dadurch charakterisiert, dasz sie solche 
Substitutionsprozesse in besonders hohem 
Masze auslôst, weil sie ein unverbrauch- 
licher Produktionsfaktor ist, der bewirkt, 
dasz von den verbrauchlichen Faktoren, die 
für eine Produktion eingesetzt werden, in 
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der Folge weniger benôtigt wird, während 
sich die ‘Wissenschaft' bzw. das ‘'Wissen! 
selbst nicht verbraucht, wenn auch noch so 
viele Produktionsgänge durchgeführt werden 
[20]. Ob Wissenschaft in dieser zweiten 
Dimension wirtschaftlich ist oder nicht, . 
hängt davon ab, ob die durch ihren Einsatz 
bewirkte Verbesserung der Produktionssitu- 
ation mit einer nur kleineren Entwertung 
der bisher eingesetzten Produktionsfaktor- 
en erreicht wird oder nicht. Zwar ist in 
langfristiger Betrachtung diese Frage 
sicherlich dahingehend zu beantworten, 

dasz der Einsatz der Wissenschaft wirt- 
schaftlich ist, weil langfristig die 
(vorübergehend) freigesetzten Produktions- 
faktoren wieder in den Produktions prozesz 
eingegliedert werden und es daher lang- 
fristig zu keïiner Entwertung kommt; die 
langfristige Bestrachtung ist aber unreali- 
stisch. In kurzfristiger Betrachtung 
liegen die Dinge wesentlich anders, weil 
hier vorübergehende Freisetzungen nicht 
nur môglich, sondern durchaus wahrschein- 
lich sind. In der kurzfristigen Betracht- 
ung ist Wissenschaft daher dann wirtschaft- 
lich, wenn die Entwertung der bisher 
eingesetzten Produktionsfaktoren kleïiner 
ist, als der Wert der erzielten Produkt- 
ionsverbesserungen. Ob dies der Fall ist, 
hängt von zwei Umständen ab: 

a. Von der Bewertung der Produktionsver- 

besserungen. 

b. Von der Art der eïingesparten Faktoren. 
Bezüglich der Bewertung der Produktions- 
verbesserungen ist festzustellen, dasz es 
Produktionsverbesserungen gibt, die heute 
so hoch bewertet werden, dasz sie jede 
Entwertung der bisher eingesetzten Faktoren 
rechtfertigen. Ein Beispiel dafur ist die 
medizinische Wissenschaft, in der eine 
Verbesserung der Heilerfolge nach heute 
übereinstimmender Ansicht jede Entwertung 
der bisher eingesetzten Faktoren rechtfer- 
tigt. Es gibt aber auch Produktionsverbes- 
serungen, die in der Üffentlichkeit so 
gering bewertet werden, dasz ihre Reali- 
sierung nur dann gerechtfertigt ist, wenn 
die Art des eingesparten Faktors keine 
Probleme aufwirft. Bezüglich der Art der 
eingesparten Faktoren ist hier zu unter- 
scheiden, ob nur technische Apparate oder 
Rohstoffe (also nur solche Güter, die man 
gewbhnlich als 'Kapital' bezeichnet), ein- 
gespart werden, oder ob auch menschliche 
Arbeit freigesetzt wird. Werden nur tech- 
nische Apparaturen oder Rohstoffe einges- 
part, ist das Problem nicht sonderlich 
kompliziert. Es wird lediglich untersucht, 


: 


ob die Entwertung, die selbstverständlich 


in den Produktionskosten in Form hôüherer 


Abschreïibung ihren Niederschlag findet, 
den Konsumenten zumutbar ist und in den 


- Preisen wieder hereingebracht werden kann. 


Anders ist es hingegen bei der Freisetzung 
von Arbeitskräften, Die freigesetzten 
Arbeitskräfte verlieren nämlich ihr Ein- 


kommen, was nicht erst eïinmal in der 
menschlichen Geschichte zu sogenannten 
‘Maschinenstürmereien' geführt hat [21]. 
Ob Wissenschaft als Investitionsgut zur 
Arbeitslosigkeit führt oder nicht, hängt 
woh1l im wesentlichen davon ab, ob genügend 
neue Produkte, deren Produktion aufgenom- 
men werden kann, vorhanden sind — was im 
wesentlichen wieder ein Beitrag der Wissen- 
schaft und sozusagen ein 'Selbstheilungs- 
prozesz' ist [22] — und zweitens vom Vor- 
handenseïin von Persônlichkeiten, die fähig 


: und willens sind, diese neuen Produktionen 


zu organisieren und durchzusetzen. Da man 
diese Persônlichkeiten gewôhnlich Unter- 
nehmer nennt [23], ergibt sich, dasz Wis- 
senschaft hier ebensowenig genügt wie 
Unternehmerpersôünlichkeiten allein. Erst 
wenn beide zusammen wirken, kann die nega- 
tive Wirkung nicht eintreten. Dies musz 
deshalb erwähnt werden, weil die Notwendig- 
keit dieses Zusammenwirkens auch vom Wirt- 
schaftssystem unabhängig zu sein scheint, 
Wie das noch zu erwähnende jugoslawische 
Beispiel beweist [24]. 

Erwähnt werden darf, dasz diese zweite 
Dimension der Wirtschaftlichkeit der Wis- 
senschaft heute aktueller denn je ist, wie 
auch dieses Symposium beweïist. Wir haben 
heute in der Steuerung der Betriebspro- 
zesse einen so groszen wissenschaftlichen 
Fortschritt erreicht, dasz es môglich 
erscheïint, die Betriebe zu sich selbst 
steuernden d.h, zu kybernetischen Einheiten 
zu gestalten und die menschenleere Fabrik 
wenigstens tendenziell zu verwirklichen. 
Die menschenleere Fabrik bedeutet aber den 
Wegfall der Dienstnehmereinkommen und 
wirft die Frage auf, wie in einer solchen 
Wirtschaft die sogenannten 'Masseneinkom- 
men! erzielt werden sollen., Bis heute 
wurde dieses Problem deshalb nicht aktuell, 
weil das, was in der Produktion an Arbeits- 
kräften eingespart wurde, im Vertrieb und 
im sog. tertiären Sektor eingesetzt wurde 
[25]. Da dies aber nicht in alle Zukunft 
so sein musz, gibt es Stimmen, die meinen, 
dasz eine vollautomatisierte Wirtschaft in 
der Wirtschaftsordnung des Kapitalismus 
nicht zu verwirklichen sei und es aus 
diesem Grunde zu einer Ânderung der Gesel1- 


schaftsform kommen müsse [26]. Es bahnt 
sich eine neue ‘Zusammenbruchstheorie des 
Kapitalismus' an, von der allerdings, wie 
das jugoslawische Beispiel zeigt, auch der 
Sozialismus nicht verschont bleiben dürfte 
[27]. Es handelt sich daher streng genom- 
men um keine Zusammenbruchstheorie des 
Kapitalismus, sondern um ein vom Wirt- 
schaftssystem weitgehend unabhängiges 
Phänomen. 

Noch eïn Aspekt ist zu erwähnen. Da die 
wissenschaftliche Ausbildung heute einen 
hôheren sozialen Status und damit ein 
grôszeres gesellschaftliches Ansehen ver- 
leiht, wurde folgerichtig nicht nur das 
Recht auf Bildung formuliert, sondern auch 
in vielen Staaten Masznahmen ergriffen, 
die das Recht auf Bildung zu einem jeden 
Staatsbürger nicht nur zustehenden, sondern 
aus ausnutzbaren Recht gestalten sol1l [28]. 
Der schon erwähnte Ausbau des Studien- 
fôrderungswesens (Rechtsanspruch auf 
Stipendien) brachte einen erheblichen 
Zuwachs an Studierenden an den Universität- 
en, Begründet wurde diese Masznahme damit, 
dasz die Gesellschaft mehr wissenschaftlich 
ausgebildete Personen benôtige als heute 
zur Verfügung stünden bzw. nach dem 
bisherigen System herangebildet würden 
[29]. Untersuchungen errechneten einen 
sehr hohen Bedarf an Akademikern und einen 
sog. 'Akademiker-Gap', der allerdings in 
den verschiedenen Disziplinen unterschied- 
lichehoch istu[30]4 

Es fehlt aber nicht an Anzeïichen, dasz 
dieser Akademiker-Gap nicht real besteht, 
sondern nur in der ersten Periode der 
Automatisierung und Kybernetisierung der 
Betriebe auftreten dürfte. Schon in der 
zweiten Periode — wenn es gelungen sein 
wird, auch das Bedienungs- und insbesondere 
das Reparaturproblem auf dem Weg über das 
Baukastenprinzip arbeitssparen zu lôsen — 
dürfte der Akademikerbedarf wesentlich 
zurückgehen [31]. Ferner entsteht das 
Problem, wie eine starke Frustrierung der 
herangebildeten Akademiker, die dann 
beruflich nicht mehr unterkommen künnen, 
vermieden werden kann. Dieser Bereich ist 
nach Ansicht des Verfassers bis heute zu 
wenig untersucht worden; es herscht hier 
vielfach: eine gewisse "Euphorie' statt 
rationaler Überlegungen, obwohl es nicht 
an warnenden Beispielen fehlt [32]. 


V. 
Wird Wissenschaft zum Investitionsgut, 
entsteht aber noch eine weitere dritte 
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Dimension der Wirtschaftlichkeit (= Wirt- 
schaftlichkeit dritter Ordnung), die in 
der neueren Zeit stark in das Blickfeld 
der Üffentlichkeit gedrungen ist, weil 
sich die Folgen bereits sehr deutlich 
zeigen. Wissenschaft als Investitionsgut 
ist ein umweltverändernder Faktor. Dies in 
zweifacher Hinsicht: eïinmal werden durch 
die Wissenschaft neue Produkte mit neuen 
Eigenschaften geschaffen, wobei die Men- 
schen mit diesen neuen Eigenschaften nur 
zum Teil fertig werden (wie z.B. das 
‘Müllproblem' zeigt)[33]. Zum zweiten 
verändert Wissenschaft als Investitionsgut 
die Umwelt dadurch, dasz sie den Verbrauch 
knapper bzw. knapp gewordener Güter durch 
solche Güter ersetzt, die zur Zeit noch 
nicht knapp sind, also in der 6konomischen 
Theorie als sog. freie Güter gelten [34]. 

Beide Prozesse — insbesondere aber der 
letztere — waren solange zweckmäszig, ja 
sogar wünschenswert, als es nicht um Güter 
ging, die für den Menschen lebensnotwendig 
sind und die mindestens bis heute durch 
den wissenschaftlichen Fortschritt noch 
nicht ersetzt werden kôünnen, wie dies z.B. 
bei reiner Luft, reinem Wasser, sauberer 
Umwelt usw. der Fall ist. Werden auch 
diese Güter in den Produktionsprozesz ein- 
bezogen und verbraucht, dann stôszt der 
Prozesz an seine Grenzen und gewinnt eine 
neue Wirtschaftlichkeitsdimension Bedeut- 
ung. Da heute diese Grenzen vielfach 
erreicht sind, ist diese Dimension der 
Wirtschaftlichkeit bereits mehrfach ins 
Blickfeld der Üffentlichkeit gerückt und 
hat zu weltweiten Reaktionen geführt [35]. 
Ob Wissenschaft daher im Sinne der dritten 
Dimension wirtschaftlich ist oder nicht, 
hängt davon ab, wie weit die von ihr aus- 
gelôüsten Entwicklungen eine Verschlechter- 
ung der Umweltbedingungen bewirken, Wissen- 
schaftliche Entwicklungen, die negative 
Auswirkungen nach sich ziehen, sind in 
diesem Sinne unwirtschaftlich. 

Leider musz man heute feststellen, dasz 
weite Bereiche der modernen Wissenschaft 
im Sinne dieser dritten Wirtschaftlich- 
keitsdimension als unwirtschaftlich quali- 
fiziert werden mussen, weil sie umwelt- 
verschlechternd wirken. Dies kommt wahr- 
scheinlich davon, dasz die Wissenschaft 
zwar zum Investitionsgut geworden ist, man 
aber nicht genügend klar erkannt hat, dasz 
bis heute der wissenschaftliche Fortschritt 
im wesentlichen in einem Substitutions- 
prozesz besteht, in dem knappe Güter durch 
freie Güter ersetzt werden, es aber gerade 
diese freien Güter sind, die das menschli- 
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che Leben überhaupt erst ermôglichen und 
lebenswert machen. 


Vs 
Aus diesen Überlegungen müssen zwei 
Schluszfolgerungen gezogen werden. Die 
erste ist die, dasz getrachtet werden 
sollte die Wissenschaft wieder mehr zum 
Konsumgut anzunähern; die zweite betrifft 
die Frage, ob Wissenschaft nicht als ein 
System begriffen werden soll, das sich 
selbst zu steuern hat (= Wissenschaft als 
kybernetisches System). 

Von den Masznahmen die nôtig sind, die 
Wissenschaft mehr als bisher zum Konsumgut 
zu machen, wäre zunächst eine stärkere 
Forderung der ‘'konsumnäheren' wissenschaft- 
lichen Disziplinen zu erwähnen. Es gibt 
zahlreiche wissenschaftliche Disziplinen, 
die sich weniger gut als Investitionsobjekt 
eignen als andere (z.B. Kunstgeschichte, 
Numismatik usw.). Diese wissenschaftlichen 
Disziplinen standen bis heute eher im 
Schatten der Wissenschaftsfôürderung. Die 
Wissenschaftsfôrderung bevorzugte sehr 
deutlich diejenigen wissenschaftlichen 
Disziplinen, die 'Investitionsobjekte' ab- 
geben (z.B. Naturwissenschaften). Eine Um- 
lenkung der Wissenschaftsführung von den 
investitionsnäheren auf konsumnähere wis- 
senschaftliche Disziplinen kann aber nicht 
in einem Land allein durchgeführt werden, 
sondern bedarf internationaler Zusammen- 
arbeit. Denn solange eïn Land daran 
festhält, Wissenschaft primär als Investi- 
tionsgut anzusehen, erlangt dieses Land 
gegenüber anderen Ländérn 6konomische 
Vorteile, Daher müszte international ge- 
trachtet werden, den Schwerpunkt der Wis- 
senschaftsfôrderung mehr von den investiven 
auf die konsumnäheren wissenschaftlichen 
Disziplinen zu verlagern. Mit einer 
Umlenkung der Fôrderungsmittel allein ist 
es aber nicht getan. Es müszten auch die 
konsumnäheren wissenschaftlichen Diszipli- 
nen 'attraktiver' gemacht werden, damit 
die Studierenden sich mehr mit ihnen 
beschäftigen. Das kônnte dadurch geschehen, 
dasz diese konsumnäheren wissenschaftlichen 
Disziplinen von den Studienordnungen als 
Pflichtfächer stärker verankert werden. 

Die Studenten müszten veranlaszt werden, 
sich auch mit Wissenschaften zu beschäfti- 
gen, die nicht unmittelbar der Berufsvor- 
bereitung dienen. Da eine solche "Entôkono- 
misierung der Studienpläne' auf studenti- 
scher Seite gewisse Widerstände hervorrufen 
wird (müszte man doch etwas lernen, was 


i 


nicht unmittelbar der Berufsvorbereitung 10 Mit gleicher Forschungsstrategie noch 


dient), wird auch hier eine gewisse inter- weitere Problemlôsungen erarbeitbar ? 
nationale Zusammenarbeit nicht zu umgehen (senn ja: 8; wenn nein: 6). 
sein, wenn vermieden werden soll, dasz 11 Erarbeitete Lôsungen wirtschaftlich 
wvoll durchôükonomisierte Studienpläne ein- von Zzweiter Dimension ? (wenn ja: 12; 
zelner Länder denjenigen Ländern, die wenn nein: 10). ; 
entweder ihre Studienpläne noch nicht 12 Erarbeitete Lôsungen wirtschaftlich 
durchôkonomisiert haben oder sie wieder von dritter Dimension ? (wenn ja: 13; 

« entôkonomisieren wollen, als Vorbild ge- wenn nein: 10). 

| halten werden. 13 Verwendung als Investitionsgut. 

| Uber die oben angeführten Masznahmen 5 Ende (Stop). 

| hinausgehend musz aber die Wissenschaft 

|| selbst als ein sich selbst steuernder Pro- 


zesz begriffen werden, von dem erstens 

|  jJeder wissenschaftliche Fortschritt sofort 

bei seiner Formulierung dahingehend über- 

prüft wird, welche Auswirkungen er auf der 

zweiten und dritten Wirtschaftlichkeits- 

dimension hat und zweitens sofort und un- 

mittelbar diejenigen Vorgänge induziert 

werden, die verhindern, dasz Wissenschaft 

im Sinne der Wirtschaftlichkeit zweiter 

und dritter Ordnung unwirtschaftlich wird. 

_ Ein derartiges Wissenschaftsmodell ist 

| daher eïn Rückkopplungsmodell, das die 

_ wissenschaftliche Forschung zwingt, sich 

. auch über die Folgen wissenschaftlicher 
Erkenntnisse in den Bereïichen schlüssig 
werden, die heute nicht mehr unmittelbar 
der Wissenschaft selbst zugerechnet werden, 
die aber entstehen, wenn Wissenschaft 
(überwiegend) als Investitionsgut angesehen 
Wird. Im wesentlichen kommt es bei diesem 
Rückkopplungsprozesz darauf an, dasz erst 
dann zu einer investitiven Verwendung wis- 
senschaftlicher Erkenntnisse übergegangen 
werden kann, wenn die Überprüfung der Wirt- 
schaftlichkeit zweiter und der Wirtschaft- 
lichkeit dritter Ordnung positiv verlaufen 
ist. Nachfolgendes Schaubild zeigt diesen 
Rückkopplungsprozesz. Dabei bedeutet: 

1 Beginn (Start). 

2 Formulierung des Problems. 

3 Erarbeitung (Sammlung) der bisherigen 

Lôüsungen. 

4 Bisherige Problemlôsungen wissen- 
schaftlich befriedigend ? (wenn ja: 5; 
wenn nein: 6). 

Ende (Stop). 

Festlegung der Forschungsstrategie. 
Forschungsstrategie wirtschaftlich 

(= Wirtschaftlichkeit erster Ordnung)? 
(wenn ja: 8; wenn nein: 6 = Festlegung 
einer neuen Forschungsstrategie). 

8 Erarbeitung der neuen Lüsung. 


Nou 


9 Erarbeitete Lôsung wissenschaftlich Mit der Darstellung dieses Rückkopplungs- 
befriedigend ? (= Popper-Kriterium prozesses ist aber auch gleichzeitig die 
erfullt ?) (wenn ja: 11; wenn nein: eingangs erwähnte Erweiterung der Defini- 
10). tion des Wissenschaftsbegriffes vollzogen. 
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In einem Zeitalter, in dem die Wissenschaft 
primär als Investitionsgut begriffen wird, 
kann Wissenschaft nicht mehr einfach als 
‘Erklärung der Welt' verstanden werden. 
Wissenschaft musz, wenn Schädigungen für 
die Menschheit vermieden werden sollen, 

als ein kybernetisches (= Steuerungs-) Sys- 
tem verstanden werden, in dem solange eine 
gefundene Lôsung als nicht befriedigend 
neue Lüsungsversuche induzieren musz, als 
neben wissenschaftlichen Kriterien (insbe- 
sondere dem Popper-Kriterium) auch die 
Wirtschaftlichkeitskriterien zweiter und 
dritter Dimension erfüllt sein müssen. 
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J. KLAUS 
Arbeitsgruppe des Hochschul-Informations-Systems, 
Universität Tübingen, W. Germany 


1. Laut 'Deutsche-Universitäts-Zeitung, 
Nr.22/1971' bringen es von zehn Studieren- 
den an Hochschüulen nur sechs bis zum Exam- 
en, vier geben das Studium ohne Abschlusz 
auf. 


2. Aus der von der Westdeutschen Rektor- 
enkonferenz herausgegebenun ‘Übersicht 
uber die Zulassungsbeschränkungen fur 
deutsche Studierende an den Hochschulen im 
Wintersemester 71/72 (Stand 31.8.71)' läszt 


12% 


sich für Studienanfänger ersehen: Es gibt 
keine deutsche Universität ohne Zulassungs- 
beschränkung; genauer 30 Universitäten 
haben im Durchschnitt in sechs Fächern den 
Numerus Clausus, von sieben Technischen 
Hochschulen/Technischen Universitäten hat 
nur die Technische Universität Claustal in 
keinem Bereich Zulassungsbeschränkungen, 
die übrigen TH/TU haben im Durchschnitt in 
vier Fächern den Numerus Clausus, Anders 
sieht noch die Situation an den Pädagogi- 
schen Hochschulen aus: Von 23 PH hat nur 
die PH Saarbrücken für das Gesamtstudium 
für das Lehramt an Grund- und Hauptschulen 
Zulassungsbeschränkung. 


3. Eine zu Beginn dieses Jahres erschien- 
ene Untersuchung der Kôlner Psychologen 
Hitpass und Mock ('Das Image der Universi- 
tät — Studentische Perspektiven', Düssel- 
dorf 1972), in welcher Studienmotivation 
der Studierenden in Beziehung gesetzt wer- 
den zur Realität, kommt zu dem Ergebnis, 
dasz aufgrund der finanziellen Grôszenord- 
nungen, die für den Ausbau der Hochschulen 
erforderlich würden, um den Anspruch auf 
uneingeschränkte individuelle Studien- 
wünsche zu ermôglichen, so immens sind, 
dasz ihre Realisierung fast unmôglich 
scheint, 

Sie schlagen deshalb vor, ein 'Umvertei- 
lungsprogramm' zu entwickeln. Sich stützend 
auf die Tatsache, dasz 45% der Studenten 
erst nach dem Abitur Entscheidungen für 
Studien- und Berufsziel treffen, glauben 
sie durch ‘'gezielte Informations- und 
Visitationsaktionen' etwa ab Klass 10 des 
Gymnasiums ‘"hôchst wirkungsvoll mäeutische 
Funktionen bei der Studien- und Berufswahl 
Ubernehmen' zu künnen. 


4, Die Studienführer an der Universität 
Hamburg und an der Ruhr-Universität Bochum 
sind laut 'Welt' vom 5.1.72 'Beispiele 
dafür, wie an den Schaltstellen der Uni- 
versitäten studentische Minoritäten über 
eine angebliche 'Studienberatung' den 


Staat und seine Parteien verächtlich machen 
und den "Kampf gegen das spätkapitalist- 
ische System' mobilisieren... Einem Minimum 
an sachlichen Informationen steht in der 
Broschüre (Studienführer der Universität 
Hamburg) ein Maximum an politischer Indok- 
trination gegenüber... In seinem Inhalt 
ebenso demagogisch erweist sich der Univer- 
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sitätsführer des ASTA in Bochum. Den auf- 
wiegelnden marxistisch-kommunistischen 
Artikeln fügt er u.a. Empfehlungen fur 
‘Emanzipation studierender Homosexueller! 
und sexuell kontaktsuchender Studenten 
bei.' Der Artikel der 'Welt' ist über- 
schrieben: Studienberatung in Hamburg und | 
Bochum. 


Die Frage drängt sich auf, ob angesichts 
dieser Prognosen ein Studienberatungs- 
modell, das andere Zielsetzungen hat, 
nicht in einem luftleeren, idealpolitisch- 
en und idealgesellschaftlichen Raum 
schwebt, und zwar dann, wenn Zielsetzung 
eines solches Modells ist: 

- Die Funktion einer Beratung ist nicht 
zu verstehen als Anpassung des Einzel- 
nen an das System, sondern als Anpas- 
sung des Systems an den Einzelnen 
durch das Angebot chancengleicher, 
transparenter, differenzierter Bild- 
ungswege. 

- Aufgabe eines Beratungssystemes ist 
die Schaffung von Kommunikationspro- 
zessen und Informationsträgern und 
-vermittlern nicht als Steuerungsele- 
mente des Bildungsganges, sondern als 
Informationsflusz zwischen Bildungs- 
system, Gesellschaft und Individuum, 
um dadurch eine permanente Reform des 
Bildungsablaufes zu institutionali- 
sieren, 

- Die Bedeutung einer Studienberatung 
musz auch darin bestehen, einseitige 
Interessengruppierungen (Staat-Wirt- 
schaft-Lehrende-Studenten) zu verhin- 
dern. 

Die fur die Überlegungen zum Aufwand 
einer Studienberatung angeführten Kosten- 
einsparungen durch eïn effizientes Studi- 
enberatungssystem sind bereits verschied- 
entlich ausreichend dargelegt worden. Sie 
reichen von der Angabe eines ‘'grob ges- 
chätzten volkswirtschaftlichen Verlustes 
von über 2.2 Milliarden DM jährlich' (Bar- 
tenwerfer) bis zu einem Verlust von nahezu 


25% 'Gesamtstudentensemester'. Die Leistung 
eines Studienberatungs-Systems wird dabei 
in der Regel mit 50% der maximal einspar- 
baren Kosten bei vôlliger Behebung fehlge- 
leisteter Studienabschnitte angesetzt. 

Wie gefährlich derartige Kosten-Nutzen- 
Relationen sind, ist evident; dasz eine 
Studienberatung jedoch durch Information 
und Orientierung eine Reduzierung der zum. 
Teil erschreckend hohen Abbrecher- und 
Studienfachwechslerquote per se zur Folge 
haben wird, braucht nicht weiter dargelegt 


zu werden, Ein volkswirtschaftlicher 
Nutzen ist unbestreitbar. 
Die Hochschule hat nicht in erster Linie 


- eine berufsausbildende Funktion, das heiszt 


Studiennachfrage und Berufsbedarf dürfen 
nicht allein 6konomisch aufgeschlüsselt 
werden. Die Tatsache, dasz ein überpropor- 
tionaler Anteil derjenigen, die keine von 
Studienbeginn an festgelegte Berufswahl 
vollziehen, sondern in der Universität 
noch eine irgendwie geartete allgemein- 
bildende Funktion sehen bzw. durch 
Beschäftigung mit verschiedenen Fächern 
ihr Interessens; und Begabungsfeld erst 
ausloten — ein Versagen der Informations- 
und Orientierungsaufgabe der Schule? —, 
ihr Berufsziel — sieht man den Prozentsatz 
der Studienabbrüche und Studienwechsel — 
überhaupt nicht erreichen, diese Tatsache 
darf nicht die Kräfte an die Macht kommen 
lassen, deren dezidiertes Ziel es ist, die 
Hochschule in die Plus-Minus-Kalkulation 
kapital-orientierter Denkweisen einzubez- 
iehen, 

Bereitstellung von Informationen, 
entwicklungsbegleiten- des Angebot von 
Orientierung und Beratung unter dem Gesi- 
chtspunkt obiger Zielsetzungen sehe ich 
daher als die einzige Môglichkeit und 
Notwendigkeit an, um einerseits intrins- 
ische Motivation zu erhalten bzw. zu 
wecken, um ein 'Fachidiotentum' bzw. ‘'Büro- 
kratentum' zu verhindern, um eine innere 
Demokratisierung und damit Humanisierung 
der Bildungsabläufe zu erreichen. 

Die Studienberatung ist aufgrund ihres 
Stellenwertes — nicht zuletzt wegen der 
Duplizität ihrer Verwendungsmôglichkeit — 
bereits in die Hochschulgesetzgebung als 
wichtiger Komplex eingegangen. Im Hoch- 
schulrahmengesetz (5 39) wird die Notwen- 
digkeit eines ständigen studienbegleiten- 
den Angebotes in einem differenzierten 
Studiensystem als Beitrag zur 'effektiver- 
en Studiengestaltung, indem sie die früh- 
zeitige Orientierung über Interessenschwer- 
punkte und Leistungsfähigkeit ermôglicht', 
dargelegt. Ein kooperativer Verbund zur 
Berufsberatung wird gefordert. 

Die Bundesregierung hat sogar im Haus- 
haltsplan des Bundesministeriums für Bild- 
ung und Wissenschaft Mittel zur Verfügung 
gestellt: 'Zuweisungen an die Länder zur 
Fôrderung der Studienberatung an Hoch- 
schulen',. Der Bund beteiligt sich an den 
Kosten fur einige Modellvorhaben in den 
Ländern., In offen formulierten Erläuter- 
ungen dazu heiszt es: "Studienberatung 
soll folgenden Zwecken dienen: 


a. Beratung von Studienanfängern über 
Ausbildungsmôüglichkeïiten im Hochschul- 
bereich einschlieszlich der Festellung 
von Ausbildungswtünschen von Abiturien- 
ten und der systematischen Unterrich- 
tung über vorhandene Zulassungsbe- 
schränkungen. 

b. Beratung abgewiesener Studienbewerber 
Über Alternativen zu dem zunächst ge- 
wählten Studiengang und Hochschulort, 
sowie über die sinnvolle Nutzung von 
Wartezeiten. 

Mit Hilfe dieser Beratung soll erreicht 
werden, dasz die vorhandene Ausbildungs- 
kapazität an den Hochschulen besser als 
bisher genutzt wird und die Studienzeiten 
sich verkürzen. Auszerdem stellt diese 
Beratung eine Masznahme der Bildungsplanung 
dar, da eine Auswertung der Arbeitsergeb- 
nisse der Studienberater in die Überlegung- 
en zum Kapazitätsausbau einbezogen werden 
so1l1.! 

Ausgehend von diesem Haushaltstitel und 
der Finanzierungsbereiïitschaft des Kultus- 
ministeriums Baden-Württembergist von einer 
Gruppe der Hochschul-Informations-System 
GmbH ein Projektantrag "'Aufbauplanung und 
Modellversuch einer Studienberatung' für 
die Universität Tübingen erstellt worden. 
Das Modell ist in Kooperation mit den mit 
Beratungsproblemen beschäftigten inner- 
und auszeruniversitären Institutionen und 
Personengruppen erarbeitet worden [1]. Es 
läszt sich in verschiedene voneinander 
abhängige Bausteine aufgliedern. 

Ausgangspunkt der Modellerstellung sollen 
zwei empirische Untersuchungen sein. 


Befragung der Studienberatur der Fachbereiche 
Hierdurch sollen erfaszt werden der Ist- 
Zustand der Studienfachberatung (wie z.B.) 
Beratungsmethode 
zeitlicher Aufwand 
Nachfrage-Gruppen 
technische Ausrüstung 
Art und Intensität der Kooperation 
und Koordination mit 
dem eigenen Fach/Fachbereïch 
den angrenzenden Fächern/Fachbereichen 
den zentralen Stellen der Universität 
den übrigen Beratungseinrichtungen 
(z.B. Akademisches Berufsamt, Berufsbe- 
ratung des Arbeitsamtes, Persôünlichkeits- 
beratung, Psychotherapeutische Beratung, 
Bildungsberatungsstelle) 
den staatlichen Prüfungsämtern 
(bei Lehramtsfächern) 
organisatorische und inhaltliche Masznahmen 
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zur Durchführung von Studienanfängerveran- 
staltungen. 


Die Wunsch- und Bedarfsvorstellungen (wie 

222) 
Bedarf an technischer und materialer 
Verbesserung Vorstellungen zu einer 
fächerübergreifenden Beratung wie zum 
Grad der Verflechtung einer Studienbera- 
tung in Studienreformansätze und didakti- 
schen Innovationen. 


Studienberatungsbedarfs-Analyse 

Nach einem Repräsentativschlüssel sollen 
hier die verschiedenen Nachfrage-Gruppen 
(Studienbewerber, Studienanfänger, Numerus- 
Clausus-Abgewiesene, Regel-Studierende, 
Studienortwechsler, Studienfachwechsler, 
Studienunterbrecher, Regel-Abschlieszende, 
Prüfungswiederholer) erfaszt werden. Eine 
zwei Semester Begleitende Fragebogen-Aktion 
soll Auskunft geben über Inhalt und Ziele 
einer Studienberatung in bezug auf 

- Die Studiensituation (technische Daten 
zum Zulassungserfolg, Prüfungserfolg, 
Fachwechsel, Studienabbruch, Studien- 
dauer usw.). 

- Die Studieninformation und -orientier- 
ung (Lehrangebot, Studieninhalte, Stu- 
dienschwerpunkte, berufliche Tätig- 
keitsfelder u.a.). 

- Die Studienorganisation (inhaltliche, 
vermittlungsmäszige, strukturelle 
Formen und Variablen, didaktische 
Innovationen u.a.). 

Im weiteren sollte diese Befragung Aus- 
kunft geben über: 

Motivation zum Studienfach, Studienver- 

halten (Orientierungsprobleme und Erfol- 

gsbeeinträchtigungen) 

Studienschwierigkeiten 

duszere Einflüsse auf Entscheidungs- 

abläufe 

Verhältnis zur Berufsrealität u.a. 


Die Konkretisierung des Modells erfolgt 
auf zwei miteinander eng verbundenen Ebenen 


— fachbezogen und fächerübergreifend. 


enniel Ro gl isatorische Gestaltung einer fächerübergreifenden 
(Hier Graphiken von Seite 36 des Projektan- 
trages) 

Erläuterung zur graphischen Darstellung: 
Das Informations- und Beratungszentrum 
gliedert sich in einen technischen und 
einen (hochschul)-didaktischen Bereich. 
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Wir gehen davon aus, dasz eine Beratung 
sowohl fachliche, berufliche wie auch 
persünlich-individuelle Probleme betrifft; 
Ziel musz deshalb sein, kooperative Bera- 
tung (Teamberatung) zwischen Persôünlich- | 
keitsberatung, Berufsberatung und Studien- « 
fachberatung inklusive Schullaufbahnbera- 
tung (Bildungsberatungsstelle) zu ermügli- « 
chen. Diese Beratungsbereiche sollen in 
dem Informations- und Beratungszentrum 
angesiedelt sein, wobei der Studienfach- 
berater nicht aus seinem Fach/Fachbereich 
ausgegliedert werden soll, sondern in 
regelmäszigen Zeitabständen in einem rol- 
lierenden System zur Teamberatung in der 
Zentrale zur Verfügung stehen soll. Diese 
Zentralstelle sollte Verbindung zur psycho- 
therapeutischen Beratungsstelle, der 
Rauschmittelberatung und anderen inner- 
und auszerhochschulischen Beratungseinrich- 
tungen haben. 

Wichtig ist, dasz dieses Informations- 
und Beratungszentrum in zentraler Lage zu 
allen Hochschuleinrichtungen und Instituten 
aufgebaut wird. 

Neben konkreter Beratungstätigkeit ist 
Aufgabe dieses Zentrums Bereitstellung von 
Informationen, z.B.: 

Hochschulen im Bundesgebiet und im Aus- 

land 

Studienführer deutsche und ausländischer 

Hochschulen 

Vorlesungsverzeichnisse 

Zulassungsrichtlinien und Zulassungs- 

quoten 

an deutschen Hochschulen 

vorhandener und vorgesehener Numerus 

Clausus 

Fragen zur Studienfinanzierung 

Stipendien 

Auslandsaufenthalte 

berufliche Anschluszfelder 

Veränderungen auf dem Arbeiïitsmarkt 

Stellenangebote 

Gehaltsstruktur 
Bezogen auf die Hochschule selbst: 

Prüfungsordnungen der Fächer/Fachbereiche 

Studiengänge 

Studienschwerpunkte 

innovatorische Projekte usw. 

Aufgabe der zentralen Projektgruppe (3 wis- 
senschaftliche Mitarbeiter) ist im weiteren: 
- Erarbeitung von Informationsschriften 
(z.B. Zusammenstellung studienein- 
führender Publikationen für Studien- 

anfänger) ? 

- Organisation von Einführungsveranstal- 

tungen 

- Informationsveranstaltungen für Ober- 


Psycho-therapeut. 


Beratung 


Persônlichkeitsberatung 
(Persôünlichkeits-diagn. Berat.) 
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stufenklassen 

- Organisation ‘Tag der offenen Tür' 
(vgl. Mitteilungen über die Universi- 
tät Münster in: DUZ 1971, Seite 790) 

- Mitarbeit an fachbezogenen Studien- 

führern 
- Beratung der Berater 
- Mitarbeïit an hochschuldidaktischen 
Projekten 

- eigene empirische Untersuchungen 

- Projektbetreuung, Berichte, Kontakte 
zu anderen Hochschulen, Berichterstat- 
tung dem BMBW/KM u.a. gegenüber. 

Im weiteren hat die Zentralstelle die 
Aufgabe, Informationsschriften, empirische 
Arbeiten, fachbezogene Publikationen, 
Veränderungen in Studienplänen, Studien- 
gängen usw. an die Studienberater der 
diesbezüglichen Fächer/Fachbereiche weiter- 
zuleiten und auf diese Weise einen Infor- 
mationseinflusz zu institutionalisieren, 
der die Studienfachberatung auf dem 
neuesten Stand hält,. 

In der Darstellung des technischen 
Ablaufes und des Aufgabenfeldes eines Bera- 
tungszentrums liesz sich schon die (hoch- 
schul) didaktische Zielrichtung erkennen. 
Ein derartiges Informationssystem musz 
rückgekoppelt sein in die Hochschulreform. 
Flexibilisierung, Durchlässigkeit, Differ- 
enzierung, Integrierung im Sinne der 
Nahtstellenüberwindung Schule — Hochschule 
und Hochschule — Beruf bleiben leere 
Schlagworte, wenn die Information von 
Fach/Fachbereichsebene und zentraler Be- 
ratungsebene nicht in die Reformansätze 
eingehen. So musz die zentral Beratungs- 
gruppe in Kooperation stehen zum Zentrum 
für Hochschuldidaktik, zum geplanten Zen- 
trum für Lehrerbildung wie zu den Reform- 
gremien des Universitäts- und des Gesamt- 
hochschulbereïiches. 


Aufbau und organisatorische Gestaltung der Studienfachberatung 

Hier wird es entscheiïidend darum gehen, den 
Informationsbedarf der verschiedenen Nach- 
frage-Gruppen zu regeln und technisch er- 
faszbar zu machen. Durch die Bereitstellung 
weiterer Stellen für die Fachbereiche soll 
die Studienfachberatung personell unter- 
stützt und institutionalisiert werden, 

Das Problem- bzw. Aufgabenfeld kann 
einerseits grob gegliedert werden nach der 
Individualstruktur der Nachfragenden (u.a.) 

Studienbewerber 

Numerus-Clausus-Abgewiesene 

Studienanfänger 

Studienortwechsler 
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Studienfachwechsler 

Studienunterbrecher 

Wartezeitwechsler 

Studienabbrecher 

Regel-Studierende 

Regel-Abschlieszende ‘ 

Prüfungswiederholer t | 

Prüfungsabbrecher à 
andererseits nach den per Bildungsablauf 
differenzierten Fragestellungen. Hier 
wären als Entscheidungsphasen bzw. als 
Phasen, in welchen Beratungshilfe notwendig 
ist, 2unennen: 

Schule — Abitur — Hochschulbewerbung — 

Zulassung — Immatrikulation — Ende des 

ersten Semesters — Vordiplom/vorphysi- 

kum/Zwischenprüfung — Hauptdiplom/Physi- 
kum/Staatsexamen — (Berufsfeld — Kontakt-… 
studium/Fortbildung). 

Eine effiziente Studienfachberatung für 
diese Orientierungsbereiche bedarf des. 
Verbundes. Neben der Bereitstellung von 
Informationen müssen die quantitativen 
Verhältnisse von Verbleib und Erfolg (Be- 
rufserfolg, durchschnittliche Studien- 
dauer, Quote der Abschlieszenden, Quote 
der Prüfungswiederholer, Wanderungsver- 
halten in bezug auf Fächer, Verbleib abge- 
wiesener Studenten, Zu- und Abstrôme in 
den einzelnen Fächern, Verbleib der 
Studienabbrecher usw.) erhoben werden, die 
als Information über Zustand und Prognose 
der Ausbildungssituation und Ausbildungs- 
effektivität in die Fachbereichsgremien und 
in ein Hochschulentwicklungsplanungs-Pro- 
gramm eingehen müssen. 

Eine entscheidende Aufgabe der Studien- 
fachberatung ist die Studienanfängerbet- 
reuung, die auf verschiedene Weise bereits 
durchgeführt wird (Tutorenprogramm/Anfän- 
gerveranstaltung). Empirische Untersuch- 
ungen belegen in frappanter Deutlichkeit 
die Situation der Anfänger: Hilflosigkeit 
in einem unübersichtlichen Bildungssystem, 
Unsicherheit, Frustation, Verlorenheit in 
den Anfangssemestern mit all ihren Folgeer- 
scheinungen. 

Ziel einer Reform des Anfänger-Studiums 
müszte sein 

- Entwicklung môglichst weitgehender 

Selbständigkeit. 
- Kriterienbezogenes Problemewusztsein. 
- Weckung einer Fragehaltung und 
Entwicklung von Kritikfähigkeit. 

Innerhalb des Projektes ist die Institu- 
tionalisierung einer studienbegleitenden 
(obligatorischen?) Anfänger-Veranstaltung 
vorgesehen. Ihr Aufgabenbereïich ist 

- Didaktische und methodenkritische 


Analyse der Lehrveranstaltungen. 

- Kritische Reflexion von Studieninhalt 
bzw. Studienziel und Studienmotivation. 

- Übertragung in die Studien-Lehrplan- 
reform bzw. Umsetzung im Sinne von 
intrinsischer Motivation und selbst- 
verantwortetem Lernprozesz (Môglich- 
keit eventueller Entscheiïidungskorrekt- 
uren durch den Studenten). 

- Aufweis von interdisziplinären Aufgab- 
enstellungen und Themen und Einbringen 
in den Studiengang. 

- Lôsung von Anfängerschwierigkeiten 
(Lernund Sozialverhaltensweise als 
Resultate bestehender Lernstrukturen 
und Sozialisationsprozesse der Schule). 

- Einführung in wissenschaftliche 
Arbeiten im Zusammenhang mit einer 
systemkritischen Reflexion. 

Die setzt voraus, dasz die Studienan- 
fänger-Veranstaltungung nicht lediglich 
auf die Teilnahme der Studienanfänger, 
sondern vielmehr auf die Zusammenarbeit 
der Studienanfänger mit Studenten hôherer 
Semester, Tutoren, Assistenten bzw. 
Dozenten angelegt ist. Sie müszte als 
Gruppenveranstaltung von hôchstens 20 
Teilnehmern integrierter Bestandteil des 


Studiums sein. Auf diese Weise kônnten 
Fehlentscheidungen schon im frühen Stadium 
revidiert werden, und die Studienreform 
wäre ein permanenter Teil des Studien- 
ganges an entscheidungsbedeutender Stelle. 

Eine Hochschulreform als Bildungsreform 
und damit als Gesellschaftsreform ist 
untrennbar von einem effizienten Studien- 
beratungssystem. 

Das vorliegende Projekt ist mit einer 
Laufzeit von vier Jahren geplant. Es kann 
nur gelingen, wenn alle am Bildungsprozesz 
Beteiligten sich dieser entscheidenden 
Funktion von Beratung, Orientierung und 
Information im Bildungsablauf bewuszt sind 
und ihren Beitrag dazu leisten. 


Fusznoten 


1. Arbeitskreis Schüler-Studenten-Beratung 
Tübingen (AKSST). 

2. Es wird in diesem Zusammenhang auf die 
demnächst erscheinenden "Empfehlungen 
des Arbeitskreis Schüler-Studenten- 
Beratung Tübingen (AKSST) zur Einrich- 
tung eines Informations- und Beratungs- 
zentrums im Gesamthochschul-Bereich! 
hingewiesen. 


A strategy for recruitment 


J. PRASAD 


Department of Statistics, 
University of Dar-es-Salaam, Tanzania 


Our recruitment strategy will relate mostly 
to Universities, which depend upon expatri- 
ate staff, whose appointment is largely 
made through the services of the Inter- 
University Council or the Commonwealth 
Universities Association — both based in 
London. They help to recruit staff for the 
Universities with English as the medium of 
instruction in all the various faculties. 


There are very few direct recruitments. 
Advertisements appear in leading papers 

and journals, both scientific and general, 
with wide circulation. The language of 
these is always English. The expenses are 
borne by these two organisations. Candida- 
tes are required to send their applications 
either to the Universities concerned or to 
the! /IUC: 
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The final decision to appoint a candi- 
date rests with the University, though IUC 
is sometimes authorized to make the deci- 
sion on behalf of the University concerned. 
This they do with the help of an expert, a 
professor from one of the British Universi- 
ties, 

How effective is this method of recruit- 
ment? We shall discuss this from a game 
theoretic viewpoint. Staff recruitment may 
be considered as a contract game between 
the three partners i-j-k; i is the Univer- 
sity, j the IUC, and k is the candidate. 

It is also a coalition game with (i,j) as 
partners of the coalition. This coalition 
is, at the same time, intentionally closed, 
so that there is a two way communication 
between i and j, and for k, the communica- 
tion is both direct and indirect through j. 

To apply for a post, a sufficient condi- 
tion is that the candidate must be aware 
of it, through reading advertisements or 
through any other means of communication. 
For a candidate to be recruited the neces- 
sary and sufficient conditions are 

1. He should have knowledge about the 

post. 

2. He should be academically suitable 

for the post. 
However, suitability for a post cannot be 
equated with acceptability for the post. 
Acceptability, in some cases, will depend 
on an extraneous factor — we will call it 
desirability, which might prove to be a 
nuisance parameter academically. Desirabi- 
lity is not always a direct function of 
academic suitability, whereas acceptability 
is a direct function of desirability. 


Probabilistic values of suitability and recruitability 
Let pi be the probability that the ith 


candidate is informed about the post; and 


Ps be the probability that he is suitable, 


We do not consider here the varying degrees 
of suitability. 
It is obvious then that 


0 «pi, 
Then a necessary condition for academic 
justice to be done is that if pi = Pi» 
p) for all i # j, i.e. the equal- 
ly suitable candidates must have the same 
probability of being informed about the 
post. 

The following joint probabilities are 


AA 
PI 


then pie 
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then possible: 


PsPr probability that a suitable candi- 
date is also aware of the post, 
(ie 00) 
PIPS probability that an uninformed can- | 
didate is suitable, À 
PsPr probability that an unsuitable can- « 
didate is informed, 
PsPr probability that an uninformed can- 


didate is unsuitable. 
We have dropped the suffix i in all eee 
above cases, 
A set of necessary conditions exists 
among these joint probabilities: 


ï = pJ ÉBERT. 
ne ol ne PS 
i 1 = Î Î 
then PPS PyPd for all if) (1.01) 
also 1f) pl pi , then 


pipi > pdpy irrespective of 


whether pi 2 py 


also PiPs > P{Ps > PyPs Where Pr indica- 
tes the complementary probability, i.e. 
p:= Lep. 

Now the University-IUC coalition has two 
strategies available, 1) Recruit, 2) Not 
toYTrecruit. 

The elements of the payoff matrix are 
the conditional probabilities given by 

P(R|IS) = a11 probability that a candidate 

who is suitable and informed 
will be recruited, 

PCR|IS)= a1 is then the complementary 
probability that a suitable 
and informed candidate is 
rejected, 

probability that a suitable 
but uninformed candidate is 
recruited (a case where a 
member of the staff is abroad 
and hence does not get to 
know about the post), 

the complementary probability, 
probability that an unsuit- 
able candidate knows about 
the post and is recruited, 
the complementary probabili- 
ty, (1.02) 
probability that a candidate 
is recruited who is neither 
suitable nor had information 
about the post, 

PCR|TS) = ay complementary probability. 

We can similarly define, through inequal- 
ities and equalities among the two sets of 
conditional probabilities above, necessary 
conditions for academic justice to be done; 


PCR|IS) = a 


PCR | IS) =142,3 


PCR|IS) = a14 


PCR|IS) 
also PCR|IS) 


V 


PCR|IS) > PCR|IS) > PCR|IS) 
PCR|IS) > PCR|IS) < P(R|IS) 


/A 


(1.03) 

and P(CR|IS) > PCR|IS) ïin the ideal case 
È Dr PCR|IS)=1, 
PCR| IS) > PCR]TS) PcR| 15) = 0: 
PCR/TS), < PCR|1S)...  PCR|TS) = 0, 
P&R|TS) < PtR|TS) PRIS) 1, 

..e (1.04) 


… These conditional probabilities may be 
| expressed as, 


PCRAIS) = PCRAIS) 

I LT VENT ER So = SN END LE es 
PCR|IS) D » PCR|IS) =1 Dre 
ES) Eçp|Is) = 1 - P(ROIS) 
PCTS) PCTS) 

Pire) PROS) D en ESRNIS) 

PCIS) PCI5) 

2 él is) -1 - PCRNIS) 
PCTS) PCTS) 

se (1:05) 


It is to be noted here that events R and 
various combinations of I and S are not 
independent events, though both I and S 
are independent events. 

The payoff matrix then can be written as 


CANDIDATE 
K 
Strategy 


University 

& the IUC 

COALITION 
Ci,j) 


The above 2x4 game is not a saddle point 
game — from conditions (1.04-1.05). 

The most desirable property of this 
coalition game would be its fairness to 
both the candidate and the University and 
the pay-off is to the University. 

A graphical solution is easy to obtain, 
if the conditional probabilities can be 
determined. 

Let p1 and p> denote the proportions of 
the two coalition strategies. Then 


p1 + p2 = 1. 


an au 
1 1 
Be 
0 — ! 
&14 Coalition strategy a21 


A linear Programming solution is also 
possible by the standard procedure of 
Mathematical Programming. 


Conclusion 


Recruitment of staff itself is an expensive 
affair and it is of utmost importance for 
the University to establish a procedure 
whereby the probability of a candidate 
being appointed, increases monotonically 
with his academic suitability, irrespective 
of the probability of his awareness about 
the post. This might be an unrealistic 
venture in recruitment, since it might 
require extensive circulation of notices 
to almost all countries of the world. 
However, a system is discriminatory and 
consequently damaging if it reduces the 
probability of a highly suitable candidate 
merely because he is uninformed which is 
not necessarily his fault, in this case. 
The present system is, in a way, highly 
preferential. This is reflected in the 
disproportionately large number of appli- 
cants from the UK. One of the effective 
ways to counteract this might be for the 
IUC to send notices to Universities all 
over the world, where a suitable candidate 
might exist; alternatively, to request 
professors in various Universities, who 
have established their reputation both as 
distinguished scholars as well as men of 
integrity to recommend two names for the 
post. There should be no barrier to inde- 
pendent candidates applying. The onus will 
then lie on the University concerned to 
choose from among the candidates belonging 
to these two distinct categories. 

This way, the Universities will have an 
expatriate staff of comparable calibre 
from different countries. 
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The Secretary General of the United 
Nations has been requested to explore the 
possibility of establishing an Internation- 
al University where best students of all 
countries will gather to learn from the 
best teachers. At the moment, the poorer 
nations spend relatively more on University 
education than the richer countries and 
get, in return, much less, In his inaugural 
speech at the present UNCTAD Conference, 
the Chilean President has tried to set the 
whole development problem in its proper 
perspective; ‘The toil and the resources 


of the poorer nations pay for the prosper- 
ity of the affluent people''. The-danger of 
Universities of developing countries 
becoming a rubbish dump of unwanted gradu- 
ates and Ph.D.'s of richer countries is 
there, and unless an International Univer- 
sity is established the recruitment 
policies may become as prejudicial to the 


developing countries as they are beneficial 


to the affluent countries, through their 
cultural influence and through their aid 
programmes. 


Simulationsmodelle für die 
Ressourcenplanung an Universitâten 


H. W. FREY 

Universität Heidelberg, W. Germany 
and E. DETTWEILER 

Universität Tübingen, W. Germany 


Simulationsmodelle fur die Ressourcenplanung an Universitäten 


Die derzeitige Hochschulplanung in der 
Bundesrepublik Deutschland konzentriert 
sich vor allem auf die Lüsung zweier Prob- 
1eme: 

- Einmal auf die Bewältigung der weit 
unterschätzten Nachfrage von Studier- 
willigen nach Studiermüglichkeiten. 

- Zum zweiten auf die Frage der quanti- 
tativen Implikationen struktureller 
Ânderungen in der Hochschulausbildung, 
insbesondere der Curricula. 

Die hier vorgestellten Simulationsmodelle 
wurden im Hinblick auf die obigen Frage- 
stellungen entwickelt und sollen zum einen 


die Funktionale Abhängigkeit des Ressourcen- 


bedarfs von der Anzahl auszubildender Stu- 
denten bzw. die Ausbildungsmôglichkeiten 
bei gegebenen Ressourcen und zum anderen 
die Abhängigkeit des Ressourcenbedarfs von 
Strukturen abschätzen helfen. 


Stellung von Planungsmethoden im Hochschulbereich innerhalb des 
Planungsprozesses 


Das Hochschulsystem kann durch drei Be- 
griffsebenen beschrieben werden, die 


136 


dieses System beinhalten und bestimmen: 

a) Die physische Ebene der Ressourcen 
und Leistungsempfänger (Bestände) 
sowie die physisch meszbaren Bezie- 
hungen (Aktivitäten) zwischen den 
Ressourcen und Leistungsempfängern. 

b) Die strukturelle Ebene, die die Akti- 
vitäten grôsztenteils determiniert. 

c) Die Ebene der (politischen) Entschei- 


dung, die über Strukturen und Bestände 


letztlich bestimmt (in diesem Sinne 
ist eine unter bestimmten Prämissen 
notwendige, aber unterlassene 
Entscheïdung durchaus ebenfalls als 
Entscheidung einzustufen). 


Daraus geht hervor, dasz hier unter Hoch- 


schulsystem nicht nur die Gesamtheit aller 
einzelnen Hochschulen verstanden wird, 
sondern dies in gleicher Weise Entschei- 
dungsträger wie Kultusministerien und 
zentrale Organe der Gesamtheit der Hoch- 
schulen selbst umfaszt. 

Das Hochschulsystem selbst ist wiederum 
ein Subsystem der gesamten Gesellschaft. 
Zwischen dem Gesamtsystem und dem Subsys- 
tem bestehen wechselseitige Beziehungen, 


| die alle Ebenen betreffen; z.B. wird das 

| Zielsystem der Entscheidungsebene im Hoch- 
| schulbereich durch das gesamtgesellschaft- 
|| liche Zielsystem im Sinne einer Hierarchie 
| dominiert. Auf der anderen Seite tragen 


} wissenschaftliche Erkenntnisse als output 


| des Hochschulsystems zur gesamtgesell- 

| schaftliche Zielfindung bei usw. 

| Was bedeuten unter dieser Betrachtungs- 

_ weise Planungsmethoden im Hochschulbereich? 
| Sie bedeuten Bereitstellung von Informa- 
| tionen, die es ermôglichen sollen, 
 Entscheidungen über den anzustrebenden 
Zustand des Systems im Rahmen eines mehr 
oder weniger konsistenten Zielsystems 
môüglichst rational zu fällen. 


GESAMT GESELLSCHAFT 
Re en se = 


Für Strukturänderungen und Ânderungen in 
der physischen Ebene müssen Entscheïidungen 
getroffen werden (Pfeile 1 und 2), die von 
den gegenwärtigen Strukturen und gegen- 
Wärtigen physischen Beständen, dem Ist- 
Zustand, beeinfluszt werden (Pfeile 3 und 
4). 

Planungsmethoden haben die Funktion, für 
die beiïiden so gearteten Entscheïdungs- 
prozesse Informationen bereitzustellen. 
Die in die Planungsverfahren eingehenden 
Methoden müssen dazu in geeigneter Weise 
gegebene und künftige Zustände so wohl der 
strukturellen als auch der physischen 
Ebene abbilden. 

Bei dem Hochschulsystem handelt es sich 
um ein offenes und evolutionäres System. 
Um seinen Zustand in bestimmter Weise 
beeinflussen zu kônnen, benôtigt man 


zunächst Informationen, die den Ist-Zustand 


beschreïben. 

Die Abbildung des Ist-Zustandes ist unter 
verschiedenen Perspektiven und in verschie- 
denen Aggregationsstufen môglich: 

- Eine erste Stufe wäre die Gewinnung 


von Primärdaten über die wichtigsten 
Bestandsgrôüszen (Studenten, Lehrperso- 
nal, Räume). 

Auf 6konomische Art und Weise sind 
diese Daten uber integrierte EDV-Dat- 
eien zu gewinnen,. : 

- Eine zweite Stufe wäre etwa eine ein- 
fache Verbindung dieser Daten in Form 
von Relationen (z.B. Relation — Stu- 
denten pro Lehrperson; qm pro Student 
UswW),. 

- Darüberhinaus kann versucht werden, 
die funktionalen Beziehungen zwischen 
den Beständen durch Modelle abzubilden. 

Die Abbildung künftiger Zustände setzt 

zusätzlich voraus, dasz Annahmen über 
Anderungen der Bestandsgrôüszen der Aus- 
gangsperiode getroffen werden und vor 
allem Vor$tellungen über künftig 
anzustrebende Strukturen vorhanden sind. 

Wegen Unkenntnis derzeitiger und/oder 

der Unsicherheit Über künftige bzw. künftig 
anzustrebende Strukturen wurde in den 
bisherigen Planungsansätzen in der Regel 

zu dem Hilfsmittel normativer Relationen 
als operable Zielgrôszen gegriffen. 

Ist- oder Soll-Relationen haben den Vor- 

zug eines hohen Grades an (überregionaler 


und/oder intertemporaler) Vergleichbarkeit, 
sie genügen aber nicht der Pramisse der 


Aussagekraft über das tatsächliche System. 


Derart grobe Abbildungern der Gegenwart 
und Zukunft sind nicht hinreichend, da 
damit keine Aussagen über die — implizit 
durch die Abbildung geschilderten Restrik- 
tionen — müglichen alternativen funktion- 
alen Beziehungen (z.B. der Studiengänge) 
innerhalb des Systems gemacht werden kôn- 
nen. Um die funktionalen Beziehungen in 
ihrer Komplexität môglichst adäquat 
abzubilden, d.h. die quantitativen Impli- 
kationen der Strukturen transparent zu 
machen, bendtigt man Modelle. Mit Hilfe 
geeigneter Modelle kann man auch die 
Antinomie zwischen Aussagekraft und Ver- 
gleichbarkeit aufheben, indem bestimmte 
Daten in statistisch vergleichbarer Weise 
aufbereitet werden (Modell im Modell). 


Methodische Kategorisierung der vorgestellten Modelle 
Dynamische Simulationsmodelle auf EDV- 
Basis für den Mikrobereich des Hochschul- 
systems: 

Da u.a. wegen der Unsicherheit über zu- 
künftige Bestände und Strukturen planer- 
ische Alternativen im Entscheidungsprozesz 
notwendig sind, müssen Modelle — wenn sie 
die Zukunft beschreiben sollen — môglichst 


137 


so gebaut sein, dasz sie es erlauben, 
alternative Zustände unter vertretbarem 
Aufwand zu simulieren. 

Für bestimmte Fragestellungen ist es 
dabei erforderlich, die Modelle so zu 
konstruieren, dasz die alternativen Zu- 
stände des Systems in der Modellabbildung 
als Veränderung des Zustandes des realen 
Systems in der Zeit zu interpretieren sind 
— es handelt sich dann um sogenannte dyna- 
mische Modelle, 

Wegen der groszen Anzahl der zu verar- 
beitenden Daten und der bei detaillierten 
Methoden relative komplexen Verknüpfungen 
(funktionale Beziehungen) zwischen den 
Daten lohnt sich die Übertragung der 
Modelle auf ein EDV-Programm, das eine 
grosze Anzahl von Simulationen mit vertret- 
baren Aufwand zuläszt. 

Bei Verfahren oder Modellen für Planung 
im Hochschulsystem lassen sich generell 
zwei Arten unterscheiden: 

- Modelle, die Primär auf die Planung 
des Gesamtsystems ausgerichtet sind 
(Durchlaufmodelle, Untersuchungen zu 
künftigen Akademikerbedarf etc.). 
Diese Verfahren wollen wir im folgenden 
Makromodelle nennen. 

- Modelle zur Hochschulplanung im enger- 
en Sinne, d.h. Ressourcenplanung, 
Kapazitätsplanung auf der Ebene der 
einzelnen Hochschule — wie sie hier 
vorliegen — seien im folgenden als 
Mikromodelle bezeïichnet. 


Beschränkung der Simulationsmodelle auf 


Teilbereiche von Ressourcen und Aktivitäten 


einer Hochschule 
Die Aktivitäten innerhalb einer Hochschule 
kônnen u.a. unter folgenden Grobkategorien 
zusammengefaszt werden: 

- Lehre (Ausbildungsprozesz) 

- Forschung 

- Dienstleistungen 

- Innere Verwaltung 
Zur Entfaltung dieser Aktivitäten werden 
Ressourcen beansprucht : 

- Personal 

- Räume 

- Geräte 

- Finanzmittel 

Leistungsempfänger sind nicht nur Stu- 
denten, sondern in Form von Dienstleistung- 
en, in Form von relevanten Forschungs- 
ergebnissen überschreiten die Aktivitäten 
den Rahmen der Hochschule,. 

Studenten wiederum sind nicht nur Leist- 
ungsempfänger, sondern wirken selbst aktiv 
in der Lehre und zum Teil in der Forschung 
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mit. | 

Die einzelnen Aktivitäten sind eng mit. 
einander verflochten. Jede isolierte "4 
Betrachtung von Einzelaktivitäten und nur. 
Teilbereichen der Ressourcen stellt wie | 
jede Abgrenzung eines Subsystems insofern | 
einen künstlichen Schnitt dar. La 

Dennoch beschränken sich die vorliegen- 
den Verfahrensvorschläge auf den Bereich 
der Lehre (Ausbildungsprozesz) und inner- 
halb dieses Bereichs primär auf die Mes- 
sung des bei bestimmten Curricula von 
alternativen Studentenzahlen abhängigen 
Aufwands des in der Lehre eingesetzten 
wissenschaftlichen Personals. In zweiter , 
Linie wird auszerdem der Bedarf bzw. die 
Auslastung der direkt für die Lehre 
benôtigten Räume untérsucht. 

Dasz das Schwergewicht der Modelle auf 
der Untersuchung des Lehreinsatzes des 
wissenschaftlichen Personals liegt, beruht 
auf folgenden Überlegungen: 

- Der Aufwand für das wissenschaftliche 
Personal beansprucht den wesentlichen 
Anteil an den laufenden Kosten einer 
Universität. 

- Es wird die Hypothese unterstellt, 
dasz die Anzahl des wissenschaftlichen 
Personals die Anzahl des erforderlichen 
nicht-wissenschaftlichen Personals 
determiniert. 

- Es soll auch nicht verschwiegen werden, 
dasz sich z.B. die Aktivität Forschung 
einer ähnlich formalisierten Betracht- 
ungsweise entzieht. 

- Was die einmaligen Kosten, d.h. zum 
grôszten Teil die Investitionskosten 
für Bauten und Ausstattung anbetrifft, 
so bestimmen diese sich folgender- 
maszen. 

Der personalinduzierte Raumbedarf leitet 
sich zum grôszten Teil aus der Multiplika- 
tion von Flächenstandards mit der jeweili- 
gen Anzahl Personal einer bestimmten 
Kategorie ab. Hinzu kommen dann Flächen 
für integrierte Nutzungsarten. 

Âhnliches gilt für die Finanzmittel: Was 
die Planung anbetrifft, so ist es nicht 
schwierig, einen einmal festgestellten 
physischen Aufwand bzw. Bedarf in Finanz- 
mittel umzurechnen. 

Die laufende Betrachtung der finanziel- 
len Seite der Ressourcen und Aktivitäten 
durch geeignete Kostenrechnungssysteme 
sollte im Grunde auf dem Mengengerüst der 
vorliegenden Modelle aufbauen, diese sind 
jedoch weniger Planungsinstrumente in dem 
definierten Sinne und bilden einen eigenen 
Problemkreis. 


| Beschränkung der Abbildung des Prozesses 


MÉehre auf bestimmte Kategorien von Varia- 
l'blen. 


l\Wenn gesagt wurde, dasz sich die vorliegen- 
| ‘den Modelle auf die Abbildung des Auf- 
| wandes für den Ausbildungsprozesz an Hoch- 
| Schulen beschränken, so soll dies heiszen, 
lMdasz ausschlieszlich ükonomisch-organisa- 
torische Kategorien von Variablen zur 
lAbbildung dieses Prozesses verwandt werden. 
M So wird die Leistung des Systems nur 
implizit als Durchstrom der Studierenden 
Mdefiniert. Was fehlt, sind die expliziten 
MDefinitionen der Leistung, d.h. die 
l Bewertung verschiedener Curricula im Hin- 
Mblick auf ein Studienziel (z.B. Speziali- 
Sierung auf ein Berufsziel, Ausbildung zu 
einer maximalen beruflichen Substitionali- 
tät, etc.). 
Diese Bewertung ist nur môglich, wenn 
valide Indikatoren der Leistung zur 
| Verfügung stehen (z.B. psychologische 
 Methoden der Evaluation) und nur sinnvoll, 
wenn durch Kenntnis der Determinanten der 
Leistung, die in starkem Masze ebenfalls 
Lals psychologische und soziologische Vari- 
ablenkategorien einzuordnen sind (z.B. 
|: Motivation, Komunikation, etc.), die not- 
. wendige Rückkoppelung auf die Gestaltung 
| des Lehrsystems erfolgen kann. 
Uber diese Seite des Prozesses Ausbildung 
machen die vorliegenden Modelle keine Aus- 


GROBSCHEMA 
ANGEBOT und NACHFRAGE 


Angebot 


sage, sie dienen lediglich dazu, die 
quantitativen Implikationen von verschied- 
enen Strukturen, deren Ausprägung môglichst 
Analysen obiger Kategorien vorangegangen 
sein sollten, abzuschätzen. 


Funktion der Modelle innerhalb Makroplanung des Hochschulsystems 


Die beiden Simulationsmodelle sind für den 
Einsatz an der einzelnen Hochschule 
gedacht, sie haben aber auch eine Funktion 
innerhalb von (Makro-) Betrachtung des 
gesamten Hochschul-Systems. Eine der 
wichtigsten Fragestellungen auf Makroebene 
ist die Aufnahmefähigkeit des Hochschul- 
systems für (Neu-) Zugänge. Der künftige 
Zustrom wiederum ist bei den vorliegenden 
Mikromodellen wichtigste exogene Variable. 

Zur Beschreibung des môglichen Stellen- 

werts der vorliegenden Verfahren bietet 
sich folgendes Angebot-Nachfrage-Schema 
an: 

Erläuterung: 

A: Zu einem bestimmten Zeitpunkt oder 
innerhalb eines gewissen Zeitraums 
verläszt eine bestimmte Anzahl von 
zum Hochschulstudium Berechtigten das 
Schulsystem. 

B: Der weitaus grôszte Teil will in das 
Hochschulsystem eintreten. Innerhalb 
dieser Gruppe bestehen Vorstellungen 
über das Studienfach und den Studien- 
ort. 


Durchlauf durch 
Schulsystem 


A 
Anzahl der zum Hochschul - 
studium Berechtigten 
Fach 
B 
Hochschule 
Angebots- 
Nachfrage - G 


Matrix 
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C: Dem potentiellen Zustrom steht ein 
Angebot des Hochschulsystems an 
Studienmôglichkeiten gegenüber, eben- 
falls differenziert nach Studienfach 
und Studienort. Als Angebot sei die 
Bereitschaft des Hochschulsystems 
definiert, eine bestimmte Anzahl von 
Studienwilligen aufzunehmen (siehe 
Entscheidungsebene). 

Es kônnen nun folgende Konstellationen ein- 
treten: 

1. In allen Fächern besteht — bezogen auf 
das Gesamtsystem — ein hinreichendes 
Angebot für alle Bewerber. 

1.1 Spezialfall von 1. 

An allen Hochschulen besteht für alle 
jeweiligen fachspezifischen Bewerber 
ein Angebot. 

2. In einigen Fällen besteht — bezogen 
auf das Gesamtsystem — ein geringeres 
Angebot als Nachfrage. 

3. In allen Fächern besteht — bezogen auf 
das Gesamtsystem — ein geringeres 
Angebot als Nachfrage. 

Auch bei einer langfristigen Strategie des 
Ausbaus der Hochschulen nach einem irgend- 
wie definierten Bedarf von Absolventen wird 
immer das Problem der Synchronisierung von 
nach Fächern und Hochschulen differenziert- 
er Nachfrage und des entsprechenden 
Angebots auftauchen. 

Generell stellt sich damit die Frage der 
Flexibilität des Hochschulsystems in bezug 
auf seine Kapazität bzw. sein Angebot an 
Studienmôglichkeiten. 

Dieses Angebot, d.h. der Wille der über 
den Zustrom zum Hochschulsystem Entschei- 
denden, hängt von einer Reïhe von Informa- 
tionen ab wie (vermuteter oder tatsäch- 
licher) Auslastungsgrad der eigenen Res- 
sourcen, (vermutete oder tatsächliche) 
Auslastung im Vergleich zu den Verhältnis- 
sen an anderen Fächern, Hochschulen oder 
Bundesländern, voraussichtliche Aufstockung 
von Ressourcen u.a. 

Allgemein kann gesagt werden, dasz die 
Informationen, die in der BRD bisher 
derartige Entscheïidungen beeinfluszt haben, 
entweder interdisziplinär und interuniver- 
sitär nicht vergleichbar waren oder wenig 
Aussagekraft über die tatsächliche Aus- 
lastung beinhaltet haben. 

Die Ansicht der Verfasser ist es nun, 
dasz unter Berücksichtigung der Maxime 
a) die kurz- bis mittelfristige Aufnahme- 
bereitschaft des Hochschulsystems bei 
bestimmten Konstellationen des Zustroms und 
der Aufnahmebereitschaft mit Hilfe dafür 
geeigneter Planungsmethoden môglichst 
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flexibel gestaltet werden sollte. 

Auf Mikroebene müssen hierzu Methoden 
eingesetzt werden, die es erlauben, die 
Auslastung von Ressourcen bei alternativen 
Studentenzahlen unter der Berücksichtigung 
der interlokal und interdisziplinär unter- 
schiedlichen Strukturen vergleichbar und 
aussagekräftig zu messen. 

Derartige Methoden sollen geordnet nach 
der Fristigkeit der Planungsmasznahmen 
leisten: 

a, Indikatorfunktion (innerhalb der 
Angebots-Nachfrage-Matrix helfen, das 
Angebot zu definieren). 

b. Anhaltspunkte für kurzfristige 
Betriebssteuerung geben, d.h. Einsatz 
der gegebenen Ressourcen für alterna- 
tive Studentenzahlen. 

c. Anhaltspunkte für kurz- bis mittel- 
fristige Ressourcenplanung (z.B. Haus- 
haltsplanung: Wo, wieviele und welche 
neuen Stellen) als Reaktion auf eine 
bestimmte Nachfrage zur (Wieder-) 
Herstellung wünschenswerter Zustände. 

d. Planungshilfe für Planung neuer 
Strukturen (Studienfänge, Lehrspekt- 
rum); Simulation der Auswirkungen 
dieser Strukturänderungen auf den 
Ressourcenbedarf. 


Grundstruktur der Simulationsmodelle A und B 


Der Ausbildungsprozesz als funktionale 
Beziehung zwischen Ressourcen und Leist- 
ungsempfängern stellt sich in der Realität 
wie folgt dar. 

Wie musz nun ein Modell konstruiert sein, 
das diese Realität aussagekräftig und verg- 
leichbar abbildet? 

In dem Schema 'Grundstruktur der Simula- 
tionsmodelle' werden die in die beïiden 
EDV-Modelle oder entsprechende rein manu- 
elle empirische Untersuchungen notwendiger- 
weise einzubeziehenden Datenbestände 
(rômische Ziffer) und ihre funktionale Be- 
ziehungen (arabische Ziffer) dargestellt. 

Erläuterung zu den einzelnen Berechnungs- 
schritten (arabische Ziffern): 

Der Kern jedes Modells ist die Gegenüber- 
stellung von Angebot und Nachfrage nach 
Ressourcen. In der Hochschulrealität werden 
Studenten, Lehrkürper und Räume über 
Veranstaltungen aufeinander zugeordnet. In 
ein Ressourcenbedarfsmodell müssen diese 
wechselseitigen Beziehungen von Bestands- 
daten, die durch eine Reïhe von Struktur- 
daten charakterisiert sind, mathematisch - 
transportiert werden. 


Es existieren 3 Prozesse, die im Modell 


Studenten 


Nachfrage- 
struktur (Teil - 
nahmeverhalten) 


Studienfächer 


Sem.- 
zahl 


Raumzuteilung 


Veranstaltungen 


Naèh Studien - 
fächèr und 

- abschnitten 
sortiert 


Lehrkôrper 


Lehrspektrum 
(tatsächliche u. môgl. 
Ubernahme v. Veranst. ) 


Râume 
(nach Grôfe u. RAR 
Ausstattung ) û 


adäquat abgebildet werden müssen: die Nach- 
frage der Studenten nach Veranstaltungen 


(2), die Verteilung von Lehraufgaben auf 
den Lehrkôrper (môgliches Lehrangebot 3) 


und von Veranstaltungen auf Räume (môügli- 
ches Raumangebot 4). 

In einem geschlossenen Modell kommt die 
Rückkoppelung aus dem Angebots-/Nachfrage- 
verhältnis auf die Studentenzahlen hinzu, 
deren Voraussetzung eine Engpaszuntersuch- 


ung und -bewertung ist (5). Ebenfalls ist 
darunter das Problem einer sinnvollen Auf- 
bereitung des outputs, d.h. der Rücküber- 
setzung der Modellergebnisse in kompakter 
Form aus einer Fülle von Informationen, zu 
verstehen. Mit Hilfe von Kennziffern aus 
Eingabedaten und/oder errechneten Daten, 
aggregierten Auswertungsmatrizen unter 
Zuhilfenahme eïingebauter Entscheidungs- 
regeln werden die Daten in statistisch 
vergleichbarer Weise aufbereitet. 

Unter 'alternativen Simulationsmôglich- 


keiten' (6) is folgendes zu verstehen: 


1. Zunächst einmal die Steuerung zur 
alternativen Beantwortung der beiden 
zueinander dualen Fragestellungen 
- als offenes Modell Ableitung des 

Ressourcenbedarfs bei exogen gesetz- 
ten Studentenzahlen,. 

- als geschlossenes Modell Abschätzung 
der maximal ausbildbaren Studenten- 
zahl bei gegebenen Ressourcen. 

2. Die Modelle sind dynamisch, d.h. sie 
kônnen die Entwicklung in der Zeit 
abbilden; die Anzahl der Untersuch- 
ungsperioden, d.h. der Planungshoriz- 
ont musz vorgegeben werden. 

3. Die wichtigsten Eingabedaten kônnen 
per Programm systematisch variiert 
werden, um alternative Zustände simu- 
lieren zu kônnen. 

Im folgenden wird ein grober Überblick über 
die wichtigsten Eingabedaten gegeben. Diese 
Tabelle ist nich als EDV-technische Organ- 
isation des inputs zu verstehen. 


141 


Ti GRUNDSTRUKTUR DER SIMULATIONSMODELLE 
Studenten 


wahrscheinliche 
Nachfrage nach 
Veranstaltungen 


IT, 


Studienstruktur 


Veranstaltungs- 
katalog 


Lehrkôrper 


Nachfragestruk- 
tur nach Veran- 
staltungen 


môgliches 
Lehrangebot an 
Veranstaltungen 


môgliches 
Raumangebot an 
Veranstaltungen 


alternative 
Simulations- 


I. Studenten II. Studienstruktur III. Veranstaltungen IV. Lehrkôrper V. Räume 


Studienplan (Prüf-  |Bezeichnung 1 Raumspektrum 
ugsordnung) 


Abschluszziel |Studiengang Zeitdauer Stellenbezei- 
- Belegdaten chnung 
- emp. Teilnahme- 
verhalten 
- horizontale und Belastungsfaktor Deputat 
vertikale Ver- (Zeitbudget) 
anstaltungsver- 
knüpfung 
ächerkombina- Periodizität Lehrspektrum 
i - org. Zuord- 
nung (Insti- 
tut, Lehr- 
didaktische Gruppen- stuhl1) 
grôsze (differen- them. Zuord- 
ziert) nung (Sach- 
gebiet 


Startpunkt 
Art (formal-real) 


Typ (Gewicht für 


EINGABEDATEN Studiengang) 


142 


Unterschiede zwischen den Modellen À und B 
Die logische Struktur der beiden Simula- 


tionsmodelle ist prinzipiell analog. 
Die Gründe für die Entwicklung von im 


- Detail verschiedenen Verfahren soll nur 


thesenartig aufgeführt werden: 

These 1. Im gesamten Problemkomplex 
‘'Hochschulkapazität' erfordern gewisse 
unterschiedliche Einzelfragen auch unter- 
schiedliche Verfahren und Vorgehensweisen. 

These 2. Diese unterschiedlichen Ver- 
fahren sind nicht allein durch verschiedene 
Fragestellungen, sondern auch durch die 
unterschiedlichen Informationsbedürfnisse 
der verschiedenen Entscheidungsebenen 
bedingt. 

These 3. Die heute bereits zu erkennende 
künftige Hochschulstruktur und die schon 
jetzt in einer Reiïhe von Fächern bestehen- 
den neuartigen Studienorganisationen lassen 
die Annahme problematisch erscheinen, 
sämtlichen Fächern per Modell eine gleich- 
artige Struktur aufzuzwingen. 

Die beiden Modelle unterscheiden sich 
hinsichtlich des Feinheïitsgrads, in dem 
bestimmte einzelne Datenbereiche erfaszt 
und verarbeitet werden kônnen, der Komplex- 
ität, mit der die Verknüpfung der einzelnen 
Daten hergestellt wird, sowie der Art und 
Grôszenordnung der zu untersuchenden Hoch- 
schulbereiïiche, 


1. Das eine Modell (im folgenden Model1 A 
genannt) hat vorrangig die Funktion, als 
feinstrukturiertes Verfahren bei der 
Detailplanung und bei speziellen Fragestel- 
lungen etwa auf Fachbereichsebene einges- 
etzt zu werden. 

Die Abbildung des Prozesses — Verteilung 
der Lehrkräfte auf Veranstaltungen — wird 
mit Hilfe eines relativ komplizierten 
optimierungsähnlichen Verfahrens vorgenom- 
men, um die Frage der alternativen Einsatz- 


môglichkeiten des Lehrkôrpers (Lehrspekt- 
rum) und deren quantitativen Implikationen 


müglichst detailliert untersuchen zu kôün- 
nen. 

Das Modell ist primär auf Untersuchungen 
in geisteswissenschaftlichen Fächern 
zugeschnitten, da diese eine bestimmte, 
relativ homogene und in organisatorischer 
Hinsicht unkomplizierte Form der Wissens- 
vermittlung in den Veranstaltungen 
besitzen, der die input-Struktur des 
Modells angepaszt ist. 

Modell À ist vorrangig zur Simulation 
der Belastung des Lehrkôrpers anhand des 
Nettodeputatskonzepts bzw. modifizierter 


Nettodeputatskonzepte konstruiert, wenn 


auch Berechnungen anhand von Bruttodeputat- 
en müglich sind. 

Wegen der komplizierten Zuordnungsalgo- 
rithmen ist das Modell aus Grunden des 
Speicherbedarfs der zur Verfügung stehenden 
Rechenanlagen für die simultane Erfassung 
von maximal zwei bis drei Fachbereichen 
geeignet. 


2. Das zweite Modell (Modell B) hat primär 
die Aufgabe, die Informationsbedürfnisse 
hôherer Planungsebenen (Hochschulverwalt- 
ung, Kultusministerien, Zentrale Regist- 
rierstelle u.a.) abzudecken, 

Zugunsten der für diese Ebenen vorrangi- 
gen Forderungen nach Transparenz, Verglei- 
chbarkeiïit und Kontrollierbarkeit der 
Modellergebnisse wurde auf komplizierte 
Algorithmen verzichtet. 

So wird die Zuordnung der Lehrkräfte auf 
Veranstaltungen nicht über einen aufwendi- 
gen Optimierungsschritt abgebildet, sondern 
relativ schematisch und auf einer hôheren 
Aggregationsstufe als bei À vorgenommen. 

Dagegen ist der input von B so struktur- 
iert, dasz er eine adäquate Erfassung auch 


komplexerer Organisationsstrukturen von 
Veranstaltungen im engeren Sinne (z.B. 
Praktika in experimentell-naturwissen- 
schaftlichen Fächern) ermôglicht. Auch 
lehrbezogene Aktivitäten, die nicht als 
Veranstaltungen im engeren Sinne definiert 
sind (z.B. Prüfungen, Doktorandenbetreuung) 
kônnen von der Struktur des inputs her in 
geeigneter Weise erfaszt werden. 

Die Auslegung des Modells auf eine Brut- 
todeputatsregelung hängt unmittelbar damit 
zusammen. Mit Hilfe von Gewichtungsfaktoren 
sollen die Veranstaltungen in ïihrem Gesamt- 
aufwand auf ein Lehrsoll in Jahreswochen- 
stunden der betreffenden Kategorien wissen- 
schaftlicher Lehrkräfte angerechnet werden. 

Zwar ist das Modell durchaus auch iso- 
liert auf einen Fachbereich anwendbar, doch 
werden die vollen Môglichkeiïiten erst dann 
ausgeschôpft, wenn ganze Universitäten oder 
Teilbereiche von Universitäten untersucht 
werden. Ein besonderer Vorzug dieses 
Modells ist die Erfassung der inneruniver- 
sitären Leistungsverflechtung mit Hilfe von 


Verflechtungsmatrizen. 


Anwendung und Anwendbarkeit 
Mit Hilfe des Modells A wurde die kurzfri- 
stige und mittelfristige Entwicklungsplan- 
ung eines Fachbereichs an der Universität 
Heidelberg erfolgreich durchgeführt. 
Weitere Anwendungen stehen bevor. 

Mit Hilfe des Modells B wird noch in 
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diesem Jahr eine gesamte Universität in der 
BRD untersucht werden. 


Als wichtigstes Anwendungsproblem ist die 
Beschaffbarkeit und Gültigkeit von Daten 


zu sehen, Zwar sind die Modelle technisch 
unabhängig von EDV-Dateïen, doch 1läszt sich 
der notwendige input auf Gkonomisch ver- 
tretbare Weise nur über umfangreiche inte- 
grierte EDV-Dateien beschaffen. Bei der 
unerläszlichen Einführung der EDV in die 
Hochschulen spielen diese Modelle eine 
bedeutsame Rolle als Vehikel der Informa- 
tionsbedarfsanalyse. 


Beschreibung der beiden Modelle 


Model! A 
Die Entwicklung dieses Modells orientierte 
sich im wesentlichen an den im Band 2 der 
HIS-Reïhe ‘Hochschulplanung' von uns aus- 
geführten Vorstellungen. Das Modell ist 
dynamisiert und läszt prinzipiell zwei 
Arten von Fragestellungen zu: 

a. Berechnung von Entwicklungen im Ver- 

lauf eines gegebenen Planungszeitraums 
b. Simulationen zu einem bestimmten Zeit- 
punkt. 

Unabhängig von der konkreten Fragestellung 
(ob sie nun mehr unter (a) oder (b) fällt) 
erfordert jede Berechnung, dasz eine Reïhe 
von sich stets wiederholenden gleïichartigen 
Einzelberechnungen (Iterationsschritten) 
durchgeführt wird, die bei allen mit dem 
Model1 1ôsbaren Fragestellungen die gleiche 
Struktur besitzen. Wenn zum Beispiel die 
Frage beantwortet werden so1ll, wie sich 
bei gewissen Annahmen über die künftigen 
Studentenzahlen der daraus resultierende 
künftige Bedarf an Lehrkräften abschätzen 
läszt, so erfordert das für jeden Zeitpunkt 
(etwa jedes Semester) des gesamten Plan- 
ungszeitraums gleichartige Überlegungen. 
Diese lassen sich vielleicht abstrakt 
dadurch charakterisieren, dasz zu jedem 
Zeitpunkt gewissermaszen als Basisinforma- 
tion die unter bestimmten Hypothesen zu 
erwartende ('wahrscheïinliche') Situation 
(hier die Situation 'Lehrbetrieb') simu- 
liert werden musz., Unter Einzeliteration 
soll hier genau dieses jeweilige Abbilden 
solcher môglicher künftiger Situationen 
verstanden werden. Im folgenden sei daher 
zunächst die allen Einzeliterationen 
gemeinsame Grundstruktur skizziert. 

Bemerkung : 

Die für eine Iteration zu einem Zeitpunkt 

t erforderlichen Eingangsdaten lassen 

sich im wesentlichen in vier grôszere 


144 


Komplexe einteilen — Studentendaten, 
Daten über das Lehrpersonal, Raumdaten, 
Veranstaltungsdaten. Die Einzeldaten 
dieser Komplexe sollen hier nicht sämt- 
lich aufgelistet werden, sondern werden 
jeweils im Verlauf der Beschreibung ein=« 
geführt. Es sollte nur noch betont wer- mn 
den, dasz ein groszer Teil der Daten vom 
Zeitpunkt * abhängt und deshalb streng- 
genommen mit + indiziert werden müszte. 
Da jedoch Art und Umfang der Daten, die 
wirklich echt mit der Zeit variieren, 
von der jeweiligen Fragestellung abhäng- 
en, wird auf diese Indizierung im folgen- 
den verzichtet. 


1 


Bestimmung der Veranstaltungsnachfrage 


Um überhaupt einen Zusammenhang herstellen 
zu kônnen zwischen den Studierenden einer … 
Hochschule einerseits und der môglichen 
Auslastung der Hochschul-'Ausstattung'!. 
(Lehrkôrper, Räume, etc.) andererseits, 
benôtigt man Informationen über das Stu- 
dienverhalten. Eine Erstinformation wird 
durch eine Aufgliederung der Gesamtzahl s 
aller Studenten (die natürlich von & ab- 
hängt, s.o.) nach verschiedenen Studien- 
richtungen k und Semesterzahlen 7 gegeben: 


S D Spor (1) 
k,j 


Da nur in ganz wenigen Fällen (so etwa u.E. 
in der Medizin) aus Studienrichtung und 
Semesterzahl eines Studenten das (wahr- 
scheinliche) Studienverhalten abgeleitet 
werden kann, benôtigt man noch weitere 
Informationen, um die Nachfragestruktur 
nach dem Studienangebot beschreiben kônnen. 
Ist etwa JV: eine Veranstaltung des Studien- 
angebots W={V,,...,V,}, so musz man noch 
Angaben darüber haben, wie die Zusammense- 
tzung der Teilnehmer an V; aufgeschlüsselt 
nach Studienrichtungen und Semesterzahlen 
(wahrscheïinlich) sein wird. Diese Zusam- 
mensetzung läszt sich durch eine Matrix 

P; = (p£,5) beschreiben, deren Elemente — 
im folgeñden Teilnahmequotienten genannt — 
den Bruchteil von 64 ; angeben, der an V; 
teilnimnt. Die Gesamtzahl A; aller Teil- 
nehmer an V; ist demgemäsz: 


2 Lrh,s 23 
d 


Die Annahme derartiger Teilnahmequotient- 
en ist natürlich äuszerst problematisch. 
In kaum einem Fach gibt es Teilnahmesta- 
tistiken oder nur Belegstatistiken, die 


(2) 


es erlauben würden, die Grôszen pi 
etwa mit Hilfe Eines a un 
abzuschätzen. Selbst wenn diese Voraus- 
setzung erfüllt ist, ist nach unseren 
Untersuchungen selbst für einen kurzen 
Zeitraum von etwa zwei Jahren die Hypo- 
these eines konstanten Teilnahmeverhalt- 
ens nur sehr bedingt gültig. Diese Prob- 
lematik versuchten wir wenigstens inso- 
weit zu berücksichtigen, dasz wir hier 
die Dateneingabe äuszerst flexibel ge- 
halten haben. Das Spektrum der môglichen 
Eingabeformen erstreckt sich von der 
detaillierten Eingabe von Informationen 
über das Teilnahmeverhalten bis hin zur 
ganz groben Abschätzung der Teilnahme- 
quotienten auf der Grundlage von Minimal- 
informationen aus Studienplänen, Prüfung- 
sordnungen etc. (so wie es ansatzweise 
bereits im BHS-Modell versucht wurde), 
Ausgehend von h; wird das Veranstaltungs- 
angebot quantitative genauer bestimmt. Bei 


einem Teil der Veranstaltungen wird x; 
hôher sein als gewisse, aus didaktischen 
Gründen resultierende Teilnahmebegrenzungen 
g; (die sogenannten Gruppengrôszen), so 
dasz es müglicherweise notwendig wird, 
diese Veranstaltungen mehrfach, etwa 
m;-fach abzuhalten. Die sogenannte Multi- 
plizität m; wird ä%hnlich wie beim BHS- 
Mode11 durch Auf- oder Abrunden des 
Quotienten };/g; ermittelt. 

Mit der Berechnung der Multiplizitäten 
m; ist die von den 54, j abhängige konkrete 
Nachfrage nach den Einzelveranstaltungen 
bestimmt. In einem nächsten Schritt wird 
jetzt untersucht, ob diese Nachfrage vom 
vorhandenen Lehrkôrper auch befiedigt wer- 
den kann und wo müglicherweise Engpässe 
auftreten. Danach wird die Frage behandelt, 
inwieweit die vorhandenen Räume für die 
Abhaltung der nachgefragten Veranstaltungen 
ausreichen. 


Ermittlung des vom Lehrkôrper her maximal 
müglichen Angebots an Veranstaltungen in 
Bezug auf die nachgefragte Veranstaltungs- 


menge 
Zentraler Begriff dieses Berechnungsteils 
ist der Begriff des Lehrspektrums: 

Es bezeichne £ = LR Lo} die Menge 
der Lehrkräfte des zur Untersuchung anste- 
henden Teilbereichs der Universität. 

Verschiedene Veranstaltungen erfordern 
von den Lehrkräften verschiedene Qualifi- 
kationen und unterschiedliche Tätigkeits- 
arten. Dieses Lehrspektrum werde durch eine 
Matrix Cry = (CR 1) beschrieben, in der ein 
Element Ex ,1 angibt, inwieweit die Lehr- 


kraft L7 e £ für die Abhaltung von V,; her- 
angezogen werden kann. Auf die Problematik, 
das Lehrspektrum in derartigen Grôszen 
numerisch zu beschreïiben, wird im Rahmen 
der Dokumentation ausführlich eingegangen. 
Hier wollen wir daher einfach annehmen, 
dasz €; ,1 nur die Werte 1 oder 0 annehmen 
kann. Dabei sei ce; Due 15 fallssdie 
Veranstaltungen V; *abhalten kann, und 
C;,1 = 0 sonst. 
Der Grund dafür, dasz im Rahmen des 
Model1s À eine derart komplizierte Daten- 
annahme getroffen wird, sei in den fol- 
genden Überlegungen angedeutet: Es soll 
hier die Frage untersucht werden, ob und 
wie die ermittelte Veranstaltungsnach- 
frage vom Lehrkôrper erfüllt werden kann. 
Liesze sich eine eindeutige Zuordnung von 
den Veranstaltungen zu den Lehrkräften 
herstellen, so wäre das Vorgehen vôllig 
unproblematisch. Man hätte einfach nur 
bei jeder Lehrkraft die Summe der zuge- 


ordneten Veranstaltungszeiten mit deren 
Deputat zu vergleichen. Nach unseren 
Erfahrungen gibt es jedoch selbst dann 
keine eindeutige Zuordnung von den Ver- 
anstaltungen auf die Lehrkräfte, wenn 
man diese Lehrkräfte geschickt zu Lehr- 
einheïiten aggregiert. Erst bei Aggregaten 
in der Grôüszenordnung etwa des gesamten 
Lehrkôrpers eines Faches läszt sich die 
eindeutige Beziehung herstellen. Dann 

hat man aber kaum noch Môglichkeïiten, zu 
differenzierten Aussagen über die Belast- 
ungssituation der einzelnen Fächer zu 
kommen — eine Aufgabe, die dieses Modell 
jedoch gerade leïisten soll. Auf der 
anderen Seite würde man so von vornherein 
die môgliche Variable "'Lehrkôrperstruk- 
tur' ausschlieszen — und damit eine 
Fragestellung, die ihrerseits erst Auf- 
schlüsse darüber geben kann, in welchem 
Masze etwa das Gesamtdeputat aller Lehr- 
kräfte eines Faches tatsächlich homogen 
f'nutzbar' ist. Wenn man anerkennt, dasz 
die Lehrkôrperstruktur ein wichtiges 
kapazitätsbeeinflussendes Moment ist, 
wird man diesen Faktor nich einfach aus- 
klammern kônnen. 


Das Problem besteht jetzt darin, aufgrund 
der in der Matrix C» beschriebenen Zuord- 
nungsmôglichkeiten die Veranstaltungsnach- 
frage maximal unter der Nebenbedingung zu 
erfüllen, dasz die Deputate d; der Lehr- 
kräfte L7 nicht überschritten werden dürf- 
en. 

Die Verteilung der Veranstaltungen auf 
die Lehrkräfte wird dabei in zwei Schritten 
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vorgenommen : 

a. Zunächst werden die Veranstaltungen 
nach gewissen heuristischen Kriterien 
verteilt. Diese Kriterien sind haupt- 
sächlich: Gewicht der Veranstaltung, 
gleichmäszige Auslastung, Bewahrung 
eines môglichst hohen Entscheidungs- 
spielraums für die Zuteilung der 
jeweiis noch nicht behandelten Veran- 
staltungen, maximale Ausschôpfung der 
Einzeldeputate. 

Die in (a) gefundene Ausgangslôsung 
wird in einzelnen Optimierungsschrit- 
ten noch verbessert. Durch eine Aus- 
tauschprozedur werden gewisse, bereits 
verteilte Veranstaltungen neu zugeord- 
net, um so nach Môglichkeit weitere 
durch (a) noch nicht zugeordnete Ver- 
anstaltungen ‘unterzubringen'. 
Interessant ist in diesem Zusammenhang, 
dasz dieses Verfahren in allen praktisch- 
en Fällen tatsächlich auch das "mathemat- 
ische Optimum' geliefert hat, wobei im 
Gegensatz zur Behandlung des Problems als 
'Transportproblem unter Ganzzahligkeits- 
bedingung' keine vollkommen unrealist- 
ische Aufstückelung von einzelnen Lehr- 
veranstaltungen auf mehrere Lehrkräfte 
auftritt, sondern die Veranstaltungen 
realitätsnah zugeordnet werden, 


Nach Beendigung des Zuteilungsalgorithmus 
konnte nun môglicherweise ein Teil der 
Veranstaltungen, etwa YŸ' = MipseesVih 
nicht zugeteilt werden, ohne an irgendeiner 
Stelle die Deputate des Lehrkôrpers stark 

zu überziehen, Diese, vom Lehrkôrper her 
bedingten 'Engpässe' werden im Anschlusz 

an die Behandlung des jetzt folgenden Zu- 
teilungsverfahrens für die Räume weiter 
analysiert. Da die Lôsung derartiger Zuteil- 
ungsprobleme i.a. nicht eindeutig ist, ist 
Ÿ"' nur bedingt als Menge von Engpaszver- 
anstaltungen anzusehen, und es bedarf 

einer weiteren Untersuchung, um Aussagen 
über konkrete Engpässe bei den Veranstalt- 
ungen oder den Lehrkräften zu erhalten. 


Zuteilung der Veranstaltungen auf die Räume 


Die Frage nach der 'Raumkapazität' ist — 
rein formal gesehen — ein ähnliches Problem 
wie die Frage nach der vom Lehrkôrper her 
bestimmten Kapazität. Auch hier liegt eine 
Art Zuteilungsproblem vor: Die Veranstalt- 
ungen müssen in bestimmten Räumen statt- 
finden, und es ist demzufolge nach einer 
solchen Zuordnung zu fragen, bei der 
môglichst wenig Engpässe in dem Sinne auf- 
treten, dasz etwa für eine Veranstaltung 
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ch ML : 


kein Raum mehr zur Verfügung steht. 

In seiner exaktesten Ausprägung läuft 
die Lôsung dieses Problems auf die Erstel- 
lung eines Stundenplans hinaus: Für jede 
Veranstaltung ist genau festzulegen, in 
welchem Raum und zu welcher Zeit sie statt- 
findet. Die Zuordnung ist dabei so zu : 
treffen, dasz môglichst wenige sogenannte 
Studenplankonflikte auftreten, Ein Beispiel 
für einen solchen Stundenplankonflikt bild- 
et etwa der Fall, dasz zwei verschiedene 
Veranstaltungen zur gleichen Zeit statt- 
finden, obwohl von den Studienplänen her 
beide Veranstaltungen von den gleichen 
Studenten besucht werden. 1 

Dasz im Rahmen eines Simulationsmodells, 
mit dem vorwiegend mehr hypothetische, 
zukünftige Zustände durchgespielt werden, 
eine konkrete Stundenplanerstellung nicht 
sinnvoll und môglich ist, dürfte klar sein: 
Eine Reiïhe von Stundenplankonflikten 
(sogenannte "subjektive' im Gegensatz zu 
den 'objektiven' Konflikten) ist so spezi- 
fisch gegenwartsbedingt, dasz diese Kon- 
flikte sich jeder Prognose entziehen und 
sich allenfalls pauschal berücksichtigen 
lassen. Die persônlichen Wünsche der 
Dozenten sind hierfür ein besonders präg- 
nantes Beispiel. 

Extrem entgegengesetzt zur Stundenplaner- 
stellung ist die folgende Lôsung des Raum- 
zuteilungsproblems, die wir als Bilanzier- 
ungsverfahren bezeichnen wollen: Sämtliche 
Konflikte werden pauschal berücksichtigt. 
Aus den Erfahrungen mit echten Stundenplän- 
en vergangener Semester lassen sich sogen- 
annte mittlere Nutzungszeiten ableiten, 
die bereits die Verminderung der gesamten 


-Nutzungs-môüglichkeiten der Räume aufgrund 


der Stundenplankonflikte ausdrücken. Damit 
ist die Vielzahl der Nebenbedingungen für 
eine echte Stundenplanerstellung auf die 
einzige Forderung reduziert, dasz die 
mittleren Nutzungszeiten nicht überschrit- 
ten werden dürfen. Die mittlere Nutzungs- 
zeit spielt jetzt die gleiche Rolle wie 
die Deputate der Lehrkräfte beim Zuteilungs- 
problem: Veranstaltungen — Lehrkräfte. In 
seiner einfachsten Form ist das Bilanzier- 
ungsverfahren nichts weiter als eine 
graphische oder tabellarische Gegenüber- 
stellung der sogenannten Hôrer- und Raum- 
kurven. 

Das Bilanzierungsverfahren hat natürlich 
den Nachteil, dasz es nicht sehr informa- 
tiv ist. Spezifische Engpässe lassen sich 
damit nicht feststellen. Allenfalls kann 
ein erster grober Uberblick über das Ver- 
hältnis von Raumangebot und -nachfrage 


vermittelt werden. Die Behandlung der 

Räume mit Hilfe des Bilanzierungsverfahrens 
steht damit in einem methodischen Gegensatz 
zur Behandlung der Lehrkräfte in Modell A. 

. Während sich dort Simulationen durchführen 
lassen, die die Abhängigkeit der Lehrbe- 
lastung von der Studienorganisation, der 
Lehrkôrperstruktur u.a. Variablen zeigen, 
sind ähnliche Fragestellungen hier nicht 
môglich, da das Bilanzierungsverfahren 
einfach zu grob ist. Insbesondere ist eine 
aussagekräftige "Engpaszanalyse! (vgl. 
S.149) nicht môglich. 

Ein wichtiges Ziel unserer Projektarbeit 
war es nun, auch für die Behandlung der 
Räume nach Simulationsmethoden zu suchen, 
die differenzierter als das Abbuchungsver- 
fahren zur Analyse gegenwärtiger und künft- 
iger Zustände dienen kônnen. Unsere theor- 
etischen Überlegungen zielten dahin, ein 
stundenplanähnliches Verfahren zu entwick- 
eln, in dem nur diejenigen Studenplankon- 
flikte berticksichtigt werden, die sich 
vorwiegend mit den gleichen Variablen oder 
Parametern erfassen lassen, wie sie ohnehin 
in das Modell À eingehen, 

In der Hauptsache sollten Stundenplan- 
konflikte berücksichtigt werden, die aus 
der trivialen Forderung resultieren, dasz 
der Mensch zu einer bestimmten Zeit nur an 
einem Ort sein kann. Wichtigstes Beispiel 
bildet der Wunsch, solche Veranstaltungen 
zeitlich überschneidungsfrei abzuhalten, 
die z.T. von den gleichen Studenten be- 
sucht werden (sollen). 

Die hier von uns entwickelten Verfahrens- 
vorschläge bilden sicherlich einen theoret- 
isch interessanten Teil unseres Projekter- 
gebnisses und kônnten môglicherweise auch 
für die weitere Entwicklung richtiger 
Stundenplanmodelle fruchtbar sein. 

Zunächst muszte jedoch darauf verzichtet 
werden, eine derartige "'Stundenplansimula- 
tion! fest in das Modell À eiïinzubauen. In 
der gegenwärtigen Programmversion ist 
Model1 À vornehmlich für Untersuchungen 
kleïinerer Organisationsbereiche einer 
Universität geeignet (s. S.144). Die 
detailliertere Behandlung der Räume wird 
aber erst dann sinnvoll, wenn praktisch 

die gesamte Universität untersucht wird. 
Raumkomplexe wie z.B. zentrale Hôürsaalber- 
eiche stehen i.a. nicht nur einigen wenigen 
Fächern zur Verfügung. Die Verzahnung durch 
die potentiellen Nutzer ist bei den Räumen 
immer grôszer als bei ausschlieszlich auf 
den Lehrkôürper bezogenen Untersuchungen. 
Sollte sich jedoch ein Simulationsmodell 
wie Modell A auch bei Problemen dieser 


Grôszenordnung einsetzen lassen, so wäre 
es nach unserer Ansicht sinnvoll, die 
Räume mit Hilfe eines stundenplanähnlichen 
Verfahrens zu behandeln. Davon unabhängig 
wäre es jedoch von Interesse, die von uns 
vorgeschlagenen Môglichkeïiten zur Behand- 
lung der Raumkapazität zunächst isoliert 
zu testen. Das bisher vorhandene Planungs- 
instrumentarium ist auf diesem Gebiet 
gegenwärtig dürftig zu nennen. Auszer 
Bilanzierungsverfahren zu Zwecken der 
reinen Bauplanung und heuristischen Stund- 
enplanverfahren, deren bisheriger Einsatz 
noch nicht überzeugte, existiert hier bis- 
lang nichts. 

Neuartige Studienformen wie z.B, das 
Blockstudium lassen es darüberhinaus frag- 
würdig erscheinen, dasz die bisherigen 
Stundenplanverfahren [1] auch in Zukunft 
noch zur Stundenplanerstellung in dem Sinne 
geeignet sein werden, dasz mit ihnen auch 
eine tatsächlich optimalere Raumutzung 
erreicht werden kann als es etwa ein 
‘geübter' Pedell zu leisten vermag. 

Konkret haben wir für die Behandlung der 
Räume in Modell A zwei Verfahren eingebaut, 
die abweichend von den oben formulierten 
Ausgangsvorstellungen nur relativ grobe 
Analysen der Raumauslastung zulassen und 
nicht den Charakter eines exakten stunden- 
planartigen Verfahrens besitzen, 

1. Das erste Verfahren iiefert lediglich 
eine tabellarische Gegenüberstellung 
von Raumnachfrage und -angebot: Aus 
der nachgefragten Veranstaltungsmenge 
und den Eingabeinformationen, welche 
Veranstaltungen in welchen Raumgruppen 
abgehalten werden kônnen, ergibt sich 
die Raumnachfrage als eine Menge von 
Veranstaltungsgruppen, die in den 
entsprechenden Raumgruppen abgehalten 
werden kônnen. Dieses Bilanzierungs- 
verfahren ist damit prinzipiell mit 
dem graphischen Verfahren des FIDES- 
Modells identisch, nur dasz hier die 
beim FIDES-Modell vorausgesetzte 
eindeutige Zuordnung der Veranstalt- 
ungen auf die Raumgruppen nicht gegeb- 
en zu sein braucht. 

2. Das zweite Verfahren geht über das 
Bilanzierungsverfahren hinaus und ver- 
sucht die wichtigsten 'objektiven! 
Nebenbedingungen des Stundenplanprob- 
lems zu berücksichtigen: 

- zwei Veranstaltungen kônnen nicht 
zur gleichen Zeit im gleichen Raum 
stattfinden 

- zwei Veranstaltungen, die von Stu- 
denten aufgrund des Studienplans 
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in der betreffenden Periode besucht 


werden müssen, dürfen nicht zur 
gleichen Zeit stattfinden. 

Die Veranstaltungen werden wie beim 
Personalalgorithmus einzeln zugeordnet 
unter der zusätzlichen Bedingung, die 
Zahl der freien Plätze bei der Zuordnung 
môglichst kleinzuhalten, d.h. 'passende! 
Räume zu belegen. 

Es sind keine festen Zeitzuweisungen 
[2] vorgesehen, sondern die Üffnungszeit 
des zugeordneten Raumes wird nach der 


Zuteilung jeweils — zunächst um die Zeit- 


dauer der betreffenden Veranstaltung — 


reduziert (Dimension: Semesterwochenstun- 


den). 

Zugleich werden die eingegebenen Üff- 
nungszeiten sämtlicher anderer Räume 
reduziert und zwar nur für jene in den 
nächsten Schritten zugeordneten Veran- 
staltungen, die laut Studienplan nicht 
konfligieren dürfen (Schattenbelegung). 


Da hier die zeitliche Festlegung fehlt, 
wird die fiktive Sperrung (Schattenbeleg- 


ung) unter der Grundüberlegung durchgeführt, 


dasz bei bereits zum Teil belegten Räumen 
ein Teil der Schattenbelegung auf tatsäch- 


liche (und nicht konfligierende) Belegungen 


fällt. Also: je voller ein Raum, desto 
grôüszer die Wahrscheïinlichkeit, dasz die 
Schattenbelegung zu hoch ausfällt. Dies 
wird nun dadurch berücksichtigt, dasz man 
mit Wahrscheïinlichkeiten rechnet, die die 
Sperrung durch fiktive Belegungen entspre- 


chend der tatsäichlichen Belegung vermindern. 
Es musz jedoch betont werden, dasz bisher 


zu wenige empirische Tests durchgeführt 

wurden, um konkretere Anhaltspunkte über 
die geeignetsten Formen der angenommenen 
Wahrscheinlichkeitsverteilungen zu haben. 


Engpaszanalyse und allgemeine Auswertung 
der Ergebnisse 


Die getroffene Zuteilung der Veranstaltung- 


en auf die Lehrkräfte liegt in einer Form 
vor, die noch einer weiteren Verarbeitung 
bedarf, um aussagekräftige Informationen 
zu erhalten: 
1. Die individuelle Zuordnung liefert 
eine Lôsung, die aus einer derartigen 
Fülle von Einzelinformationen besteht, 
dasz besonders bei umfangreicheren Simu- 
lationsproblemen eine Auswertung unmôg- 
lich ist. Das Ergebnis ist dann fast 
genauso unzugänglich und kompliziert wie 
die zugrundeliegende Realität, über die 
man Aussagen machen mbchte. Erst eine 
weitere Auswertung, die die Fülle der 
vorliegenden Einzelinformationen unter 
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Œ 
verschiedenen Gesichtspunkten aggregiert, : 
kann die charakteristischen Teile des 
Ergebnisses transparent machen. 

2. Die Menge Ÿ' der Veranstaltungen, 
die nicht zugeordnet wurden, besteht im 
Grunde nicht aus den Engpässen: Im Rahmens 
des Zuteilungsverfahrens wird nach dem 
vom Lehrkôrper her müglichen Lehrangebot 
gefragt. Wenn eine Veranstaltung V; nicht 
verteilt werden konnte, so ist doch 

nicht V.: im eigentlichen Sinn ein 
Engpasz. Dieser liegt vielmehr bei den 
Lehrkräften, die eigentlich V,; abhalten 
kônnten, dann aber überlastet wären. 
Würde V; nun einer solchen Lehrkraft L7 
tatsächlich zugeordnet, so wäre natürlich 
jede der L7 zugewiesenen Veranstaltungen 
potentiell ein Engpasz. Sinnvoll läszt 
sich also nur von Engpässen bei Lehr- 
personen oder Lehreïinheiten reden. Es 
werden daher vor allem die folgenden 
beiden Fragen untersucht: 


a. Bei welchen Lehrkräften treten Über- 
lastungen auf und wie hoch sind 
diese? 

b. Welche Aussagen lassen sich über die 
Zuverlässigkeit dieser Ergebnisse 
machen, d.h. wie genau sind die 
Engpässe tatsächlich lokalisierbar? 

Erst auf der Grundlage einer derartigen 

Analyse lassen sich allgemeinere Auswer- 

tungskriterien anwenden, die im Rahmen 

eines vorgegebenen Untersuchungsziels 

(etwa Abschätzung des Personalbedarfs) 

die gewünschten Ergebnisse auch relativ 

verläszlich berechnen. 

Um die beïiden Fragen (a) und (b) müg- 
lichst genau zu beantworten, werden auch 
alle V; e Ÿ' verteilt. Die Zuordnung ge- 
schieht relativ schematisch: Aufgrund der 
Eingabedaten läszt sich £ einmal aufteilen 
in grobe Lehreïinheiten (etwa das Lehrper- 
sonal eines Instituts) und zum anderen 
in Gruppen 'é gleicher Lehrérateei (z:B, 
Ordinarien, Akademische Räte etc.). Fur 
alle V; eŸ" steht nach der Matrix CZ fest, 
welche Lehrkräfte V; abhalten kônnen. 7; 
wird nun einfach der Gruppe fe n£e von 
Lehrkräften der gleichen Lehrerart in einer 
Lehreïinheit zugeordnet, die die meisten 
positiven Präferenzen (C;,k > O) besitzt. 

Nach Beendigung dieser erneuten Verteil- 
ung werden zunächst einige Auswertungs- 
Matrizenterstellit: 

. Belastungsmatrix A,. Für jede Lehr- 
einheit und Lehrerart wird die ermit- 
telte Belastung nach den einzelnen 
Veranstaltungsarten (oder allgemeiner: 
nach Tätigkeitsarten) aufgeteilt. 


{ 


Diese Belastungsgrôszen werden der 
ermittelten müglichen Belastung gegen- 
Übergestellt. Die sich so ergebenden 
Defizite bilden die Grundlage für eine 
algemeine Abschätzung des Personalbe- 
darfs oder für eine Beurteilung der 
Kapazitätsauslastung. Vergleiche mit 
den vorgegebenen Deputaten ermôglichen 
auszerdem Aussagen, inwieweit die vor- 
handene Lehrkôrperstruktur von den 
Lehranforderungen her ausgewogen ist 

— ob also dtwa das Gesamtdeputat aller 
Lehrkräfte tatsächlich homogen nutzbar 
St} 

b. Belastungsmatrix A. Die Matrix ist 
ähnlich strukturiert wie A1, nur dasz 
hier statt nach Veranstaltungs- bzw. 
Tätigkeitsarten die Einzelveranstalt- 
ungen unter dem Gesichtspunkt aggre- 
giert sind, welche Stellung sie nach 
den Studienplänen besitzen (z.B. ganz 
einfach eine Aufteilung nach Pflicht-, 
Wahl;, Ergänzungsveranstaltungen). 

c. Belastungsmatrix A;. Hier sind die 
Veranstaltungen nach ïihrer zeitlichen 
Lage im Studienablauf geordnet. Damit 
laszt sich z.B. die Frage untersuchen, 
in welchen Studienabschnitten besond- 
ers starke Engpasse bestehen. 

Dies drei umfangreicheren Auswertungs- 
matrixen bilden die Grundlage für eine 
Reyihe von weiteren Auswertungen und ins- 
besondere die Erstellung von wichtigen 
Kennziffern. Darüberhinaus werden aus ïihnen 
die je nach Gesamtfragestellung benôtigten 
Ubergangskriterin für den sich anschliesz- 
enden Iterationsschritt bestimmt,. 


Mit Model1 A môgliche Fragestellungen 
Kapazitätsermittlungen 


Wie bereits in den Vorbemerkungen ausge- 
führt, sind wir der Ansicht, dasz sich 
allein mit einem (wie auch immer gearteten) 
mathematischen Verfahren keïin numerus 
clausus berechnen oder rechtfertigen läszt. 
Das aber steht im Grunde hinter Verfahren, 
die für sich in Anspruch nehmen, Zulass- 
ungszahlen zu berechnen. Dennoch kônnen 
verwandte Fragestellungen interessieren 
und wichtig sein. Nur musz man sich von 
der Vorstellung lôsen, zu jedem Berech- 
nungszeitpunkt + würde eine eïindeutig 
bestimmte und berechenbare Grenze (der 
Engpasz) die Ausbildungskapazität limitier- 
en. Diese 'Engpaszhypothese' läszt sich 
nicht aufrecht erhalten. Für uns hatte 
dies die Konsequenz, dasz wir ganz bewuszt 
auf Verfahren verzichtet haben, die in dem 


Sinne dynamisiert sind, dasz für einen 
vorgegebenen Planungszeitraum die Zulass- 
ungszahlen 'optimiert' werden. Jede derart- 
ige Optimierung impliziert die Anwendung 
der Engpaszhypothese, 

Es sei jetzt kurz unser Vorgehen illus- 
triert: Zu einem bestimmten Zeitraum #& des 
Berechnungszeitraums T seien die Studenten- 
zahlen Sp, j mit Semesterzahlen TOE rl 
bekannt —’etwa aufgrund der zum gegenwärt- 
igen Zeitpunkt vorhandenen Studentenzahlen 
und der Kenntnis von Übergangsquoten. 

Durch Steuerkarten wird eingegeben, wie 

die variablen Zahlen Ski (1<7< d0) im 
Ablauf der ARRET PE ee zum Zeitpunkt 
t variiert werden sollen. Für jede dieser 
Einzeliterationen werden nun die auftreten- 
den Engpässe protokolliert und so viele 
Iterationen durchgeführt, bis ein vorgege- 
benes Masz an Engpässen erreicht ist. Auch 
dieses Masz wird eingegeben und kann z.B. 
lauten, dasz die Belastung aller Lehrkräfte 
insgesamt nicht hôher als x Prozent über 
dem Gesamtdeputat liegen darf oder dasz 

die Belastung in keinem Feld der Matrix À; 
eine vorgegebene Belastung überschreiten 
darf. Durch Eingabe solcher Bedingungen für 
mehrere Zeitpunkte & e T is es so môüglich, 
sich ein Bild der im Zeitablauf sich 
jeweils ergebenden Gesamtbelastbarkeit zu 
verschaffen und zu Aussagen über die Aus- 
bildungskapazität zu kommen. 


Bedarfsermittlung 


In diesem Falle sind die gesamten künftigen 
Studentenzahlen des Zeitraums T Eingabe- 
daten, wobei es môglich ist, alternative 
Entwicklungen der Studentenzahlen bezüglich 
ihrer Konscquenz auf den Bedarf simultan 
durchzuspielen. Bei vorgegebenen Zielpro- 
jektionen über angestrebte Lehrkôrperstruk- 
turen kann aus A, der künftige Personalbe- 
darf ermittelt werden. 

Bei der Durchrechnung dieser Fragestel- 
lung im Modell ist folgendes zu beachten: 

Oft ergibt erst der Vergleïich der Ist- 
Situation mit einer bezüglich der Ausbild- 
ungsmôglichkeiten und der Lehrkôrperbelast- 
ung hypothetischen (vielleicht wünschens- 
werten) Situation sichere Anhaltspunkte 
Über den Umfang und die Art eines eventu- 
ellen zusätzlichen Lehrkôrperbedarfs. 

Um die Ist-Situation der Ausgangsperiode 
im Modell darstellen zu kônnen, ist die 
Eingabe der tatsächlichen Anzahl der 
Parallelkurse der Veranstaltungen vorgese- 
hen. Die Ausgangsperiode kann daher folgen- 
dermaszen behandelt werden: 

a. Im ersten Schritt berechnet das Pro- 
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grammn die Lehrverteilung bzw. -belast- 
ung aufgrund dieser Multiplizitäten, 
so dasz man die tatsächlich geleistet- 
en Stundenzahlen erhält. 

b. Im zweiten Schritt werden dann die 
Multiplizitäten über die eingegebenen 
didaktisch maximalen Gruppengrôszen 
bei gegebenen Hôürerzahlen oder auf- 
grund theoretisch ermittelter Hôrer- 
zahlen errechnet und wiederum die 
Verteilung der so ermittelten nachge- 
fragten Stunden simuliert. 

Dies gilt natürlich nur für die erste Unt- 
ersuchungs-periode. In den anderen Semest- 
ern des Untersuchungszeitraums wird nach 
(b) vorgegangen. Hier kônnen die didakti- 
schen Gruppengrüszen per Steuerkarte vari- 
iert werden (siehe hierzu S.151), 

Wichtig ist noch die folgende Môglich- 
keit: Die Bedarfsschätzungen etwa des Lehr- 
personals hängen nicht notwendig davon ab, 
dasz bereits ein gewisser Bestand an Lehr- 
kräften vorhanden ist. Das Modell läszt 
sich prinzipiell genauso für Fragen z.B. 
der Neueinrichtung eines Faches an einer 
Universität einsetzen. 
einfachen sich natürlich sehr viele Ein- 
gangsdaten und vor allem die Matrix C? , 


die jetzt die erwünschte Lehrkôrperstruktur 


wiedergeben wird. Sämtliche Berechnungen 
verlaufen jedoch vôllig gleich. 


Simulationsmoglichkeiten 
Theoretisch lassen sich so gut wie alle 


wichtigen Eingabedaten systematisch ver- 
ändern, um die Abhängigkeit zwischen Ein- 
und Ausgabedaten genauer zu erfassen. Als 


wichtigste wurden die folgenden Simulations- 


môglichkeiten [3] erachtet und vorgesehen: 

a. Simulation des Studienverhaltens. Die 
Teilnehmermatrizen P; werden verän- 
dert, um so die Abhängigkeit etwa der 
Ressourcenbelastung vom Studienver- 
halten zu studieren. 

b. Simulation didaktischer Bedingungen. 
Hierunter fällt auszer der Simulation 
der Gruppengrôszen jede mit den Ein- 

angsdaten des Modells faszbare 


Anderung des Studienangebots. Es hand- 


elt sich hier natürlich um relativ 
geringfügige strukturelle Anderungen, 


da sich selbstverständlich vôllig ver- 


schiedene Curricula nicht in einer 
Berechnung behandeln lassen. 

c. Simulation der Deputate. Diese Môg- 
lichkeïit ist vor allem interessant, 
wenn man nicht mit den herkômmlichen 
Nettodeputaten rechnen will (also den 
Deputaten für die reine Veranstalt- 
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In diesem Falle ver- 


4 
L. Al 


ungszeit), sondern mit Bruttodeputat-…\ 
en. Auf diese Weise lassen sich durch\ 
eine gleichzeitige differenzierte | 
Anrechnung der Lehrverpflichtungen in 
gewisser Weise Zeitbudget-Simulationen | 
durchführen. Vor allem trägt diese 
Môglichkeit der Tatsache Rechnung, LE 
dasz die Hôhe der Deputate umstritten 
HSE 
d. Simulation der Lehrkôrperstruktur. 

Hier wird vor allem die Zuordnungs- 
matrix C? systematisch verändert, um 
so die Abhängigkeit der Kapazitäts- 
nutzung von der Lehrkôrperstruktur 
untersuchen zu kôünnen,. | 


Modell B 

Im Modell B wird darauf verzichtet, die 
Prozesse — Verteilung der Veranstaltungen 
auf Lehrkräfte und auf Räume — durch Opti- 
mierungen oder optimierungsähnliche Method 


en abzubilden. 

Der Verzicht auf Optimierungsmethoden 
ist unter dem Aspekt zu sehen, dasz durch 
die aggregierte Berechnung der Belastung 
von Lehrpersonen eine môglichst breit 
angelegte Erfassung von Fächern z.B. einer 
ganzen Universität durch das Modell ermüg- 
licht werden soll. 

Den Anstosz zur Entwicklung dieses 
Modells gaben die Erfahrungen, die durch 
die praktische Arbeit in experimentel1- 
naturwissenschaftlichen Fächern gemacht 
wurden. 

a. Die Dateneïingabe ist so differenziert 
gestaltet, dasz auch Disziplinen mit 
relativ komplizierten Organisations- 
strukturen innerhalb der Veranstal- 
tungen mit dem Modell untersucht wer- 
den kôünnen, und zwar ohne dasz die 
empirischen Veranstaltungsdaten mühsam 
transformiert werden müssen, um sie in 
ein vom input her auf derartige Ver- 
hältnisse nicht zugeschneidertes 
Model1-Korsett zwängen zu kônnen. 
Anmerkung : 

Model1 À ist primär auf die Veranstal- 
tungsorganisation geisteswissenschaft- 
licher Fächer ausgerichtet (Mathematik 
wäre in diesem Zusammenhang ein 
geisteswissenschaftliches Fach). Zwar 
kann man, wenn man die Anwendung des 
Modells beherrscht, prinzipiell auch 
Disziplinen der obigen Art in den 
input fassen, doch ist u.E. der Auf- 
wand dafür zu hoch. 

b. Vor allem in den Fächern mit groszer 
Spannweite der Lehrformen und daraus 
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resultierend des betreffenden Lehrauf- 
wands in den verschiedenen Voranstalt- 
ungen, vor allem experimentell-natur- 
wissenschaftlichen Disziplinen, halten 
wir den Ansatz, mit pauschalen Netto- 
deputaten zu rechnen, nicht für sinn- 
voll und viel zu undifferenziert. 
Daher ist Modell B in wesentlich ver- 
stärktem Masze als Modell A darauf 
abgestellt, mit Bruttodeputaten zu 
rechnen (Modell À ist gut geeignet 

für die Durchrechnung modifizierter 
Nettodeputate, d.h. die differenzierte 
Anrechnung von Durchführungszeiten 
verschiedener Veranstaltungskategorien 
auf ein gegebenes Nettodeputat). 


 Eingabedaten 
IMNDie Gesamtuniversität wird zunächst auf- 
geteilt in gewisse organisatorische Teil- 
einheiten, die als Fachbereiche oder Fakul- 
| täten bezeichnet seien. 

NE 


DOUCE. F) Fachbereich (Fakultät) 


. Die Fachbereiche werden weiter unterglied- 
Mteértuin Einheïiten, die wir Fächer oder 


Fachrichtungen nennen wollen. 


TE CL dt EEE D Fach (Fachrichtung) 
Studenten 

Die Gesamtzahl s aller Studenten ist wieder 
aufgeteilt in die Zahlen 54, der im 
Semester 7 befindlichen Stu und nach Studi- 
enplan k studierenden Studenten. Die Studi- 
enpläne bilden zunächst eine zusätzliche, 
autonome Strukturierung der Veranstaltungen 
(siehe unten), die unabhängig von der 
gegebenen Fachuntergliederung ist. 

Die vorgesehene eindeutige Zuordnung der 
Studienpläne zu einem Fach dient vor allem 
für Auswertungszwecke (Kennziffern, Ver- 
flechtung der Dienstleistungen etc.), ist 
also keinesfalls so zu interpretieren, als 
ob nur reine Fachstudien müglich sind. 
Prinzipiell werden die Studienpläne genauso 
wie bei Modell A erfaszt. Der einzige 
Unterschied besteht in der Môglichkeit, das 
Teilnahmeverhalten über die Teilnahmematrix 
({s."S.146) noch differenzierter zu erfass- 
en: 


Lehrkräfte 

Zur Aufgliederung des Lehrkôrpers werden 
die Fächer weiter in Leéhreïinheiten unter- 
teilt 


e [e=1,...,e(f)] Lehreinheit im Fach f 


Eine andere Aufteilung des Lehrkôrpers lie- 
fert die Lehrerart 

MT MC ME ARE) Lehrerart 
Eine môgliche Interpretation ist die her- 
kômmliche Aufteilung nach unterschiedlichen 
Stellenarten (0.Prof., Wiss.Rat etc.). 

Im Gegensatz zu Modell À werden hier die 
Lehrkräfte nicht mehr individuell eïnge- 
geben. Nur noch die Anzahl der Lehrkräfte 
der gleichen Lehrerart in einer Lehreinheit 
geht ein. Für die Lehrerarten eines Faches 
werden zwei Formen von Deputaten eingeben: 
Netto- und Bruttodeputate (zum Gebrauch 
dieser Deputate siehe Ausführungen S153). 


Räume 

Die Menge aller für Lehrveranstaltungen 
nutzbaren Räume wird in Raumgruppen $ > von 
Räumen gleicher Ausstattung (Nutzungsart) 
und 'Lage' aufgeteilt. Für jeden Raum À 
wird die mittlere Nutzungszeit 6 und die 
Platzzahl 7m eingegeben. 


Veranstaltungen 
%Ÿ bezeichne die Menge aller Veranstaltung- 


en, die regelmäszig in bestimmten Abständen 
angeboten werden. Veranstaltungen, die 
zunächst nicht in diese Kategorie fallen 
(z.B. Ergänzungsveranstaltungen), werden 

so zusammengefaszt, dasz sie ebenfalls 
berücksichtigt werden künnen,. 

Die Veranstaltungen sind nicht nur geken- 
nzeichnet durch den Turnus, in dem sie 
innerhalb des Semestralsystems angeboten 
werden, sondern auch durch die nach Wochen 
gekennzeichnete Lage im Jahr. Damit kôünnen 
auch Blockpraktika und Ferienveranstaltung- 
en adäquat erfaszt werden. Wichtig ist dies 
vor allem für die Feststellung der Raumbe- 
lastung Über die Abschnitte eines Studien- 
jahres. 

M wird weiter aufgeteilt in Teilmengen 
YVagleicher Veranstaltungsart a. Diese Auf- 
teilung wird vor allem nach den unter- 
schiedlichen organisatorischen Abläufen 
und Tätigkeitsarten vorgenommen; also Auf- 
teilung in Vorlesungen herkômmlichen Stils, 
Übungsvorlesungen, Defilierpraktika, 
Praktika mit festen Versuchsplätzen, Semi- 
nare etc. Innerhalb dieser Veranstaltungs- 
arten kônnen nun verschiedene und gleich- 
zeitig laufende Tätigkeiten verschiedener 
Lehrpersonen oder Gruppen von Lehrpersonen 
stattfinden (etwa bei Praktika: Leitung 

des Praktikums, theoretische Unterweisung 
und Erfolgskontrolle, Betreuung am Versuch- 
sgerät). Die Eingabe ist so gestaltet, dasz 
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für jede Veranstaltungsart maximal drei 
verschiedene Tätigkeiten verschiedener 
Gruppen von Lehrpersonen berücksichtigt 
werden künnen, deren Belastung in differ- 
enzierter Weise funktional abhängig ist 
von der Gesamtstudentenzahl und den 
jeweiligen didaktischen Gruppengrôüszen 
(Betreuerrelationen). 

ist. 9, (= L,2;3) eine der vdreimbglichen 
Betreuerrelationen der unter Veranstalt- 
ungsart a klassifizierten Veranstaltung, 
so wird die Bruttobelastung der Lehrperson- 
engruppe [4], die für diese Betreuung in 
Frage kommt, durch eine Funktion folgender 
Bauart bestimmt: 


Iq 


Bedeutung der Symbole: 


B Bruttobelastung 


q 
F3 Gesamtstundenzahl, mit der ein Stu- 
dent die betreffende Veranstaltung 
absolvieren musz. 
h Teilnehmerzahl der Veranstaltungen 


autonomer Faktor 


l 
q 

ce. Gruppengrôszenfaktor 
: Studentenzahlfaktor 


Die drei Faktoren c£ (i=1,2,3) ermôglichen 
eine differenziertere Bestimmung der 
Bruttobelastung: 
a, Der autonome Faktor drückt den 
Arbeitsanteil aus, der vôüllig unab- 


hängig von den Studentenzahlen anfällt, 


sobald die Veranstaltung Überhaupt nur 
abgehalten wird (der erste Summand 
ähnelt somit gleichsam den Fixkosten 
eines Produktionsprozesses). 

b. Der Gruppengrôszenfaktor berücksich- 
tigt die mit der Betreuerzahl (die 
direkt wieder von den Studentenzahlen 
abhängt) steigende Belastung des Lehr- 
kôrpers. 

c. Mit dem Studentenzahlfaktor soll der 
Aufwand für die individuelle Betreuung 
der Studenten erfaszt werden, 

Eine Reiïhe weiterer Grôszen dient zur 
Charakterisierung der Veranstaltungen. 
Diese Grôszen werden in der Dokumentation 
im einzelnen beschrieben und sollen hier 
nur kurz aufgelistet werden: 


152 


Weitere Daten zur Erfassung 


des 


Teilnehmerzahlen pro Studienplan 

Teilnehmerzahlen pro Block 

Ist-Wochenstundenbelastung (netto) für 
die eïinzelnen Betreuerarten® 

Anzahl der Betreuer pro Block uuitipli-à 
zitäten) 

Betreuerart und Lehreïinheit 

Zeitliche Raumbelastung. ni 


Weitere Daten zur Abbildung künftiger Zus- 
tände | 
Teilnahmewahrscheïinlichkeiten für bestim= 
mte Studentengruppen ! 
Künftige Lage der Veranstaltungen im 
Studienjahr 

Betreuerrelationen (normativ) 

In Frage kommende Lehreinheiten und Lehr= 
erarten zur Abhaltung der Veranstaltung 
(potentiell) 

Zuordnung zum Raum. 


/ 


Die obigen Ausführungen betreffen die 
Errechnung der Brutoobelastungen für die 
Ausgangsperiode und der weiteren Untersuchà 
ungsperioden. 

Die bisher gültigen Regelungen der Soll- 
Lehrleistungen beruhen auf einem reinen 
Nettodeputatskonzept. Die gesetzlichen 
Normen zur Regelung der Bruttodeputate 
müssen erst noch erarbeitet werden. 

Daher ist im Modell B für die Ausgangs- 
periode eine Bestandsaufnahme der Lehrlei- 
stung im Sinne des Nettodeputatskonzepts 
vorgesehen, d.h. die Ist-Leistungen des 
Lehrkôrpers während eines Studienjahres, 
die empirisch erhoben werden müssen, kônnen 
direkt eingegeben werden. 

Es wird also eine reale Ist-Leistung im 
Sinne von Kontaktstunden erfaszt, während 
darauf verzichtet wird, eine theoretische 
Nettobelastung im Sinne des Bestandteils 
(h/g) w® der Bruttoformel zu errechnen, die 
wegen der unterschiedlichen Betreuungstät- 
igkeiten zu starken Verzerrungen führt. 

Im ersten Schritt wird dann per Programm 
die durch die Eingabe gegebene Ist-Belast- 
ung auf die verschiedenen Fächer und Lehr- 
einheiten zusammengefaszt und ausgedruckt. 


Berechnungsschritte 


Wie in Modell À wird getrennt zwischen Ab- 
bildung der Ist-Situation und Simulation 
künftiger Situationen unter Zugrundelegung 
normativer Grôszen (z.B. Gruppengrôüszen). 
Hier kommt noch hinzu, dasz künftige Bela- 
stungen nur anhand von Bruttodeputaten 
errechnet werden. 


| Abri anne der Ist-Situation 
| . Veranstaltungsnachfrage. Die Ist- 


| Li der Hôrer in der Ausgangsperiode 

|. kônnen nach Studienplänen (bezogen auf das 
nJahr) und nach Gesamtteilnehmern pro Block 
t\ direkt eingegeben werden (Block bezeichnet 
{die zeitliche Lage im Jahr, z.B. Semester- 
h ferien, die wichtig ist für die Ermittlung 
| der Raumbelastung). 

Im ersten Schritt wird lediglich der 
input in geeigneter Weise unter einer 
Tabelle 'Nachfrage' zusammengefaszt, 

2. Belastung des Lehrkôrpers. 

a, Ist-Belastung netto. 
Im ersten Schritt werden die empi- 
risch erhobenen Werte für die 
Durchführungszeiten in den Auswert- 
ungstabellen ausgedruckt. 

b. Ist-Belastung brutto. 
Über die Formel (i) wird die 
Berechnung der Bruttobelastung vor- 
genommen, wobei in der Ausgangs- 
periode lediglich die tatsächlich 
beteiligten Lehreïinheiten und Lehr- 
erarten belastet werden. 

3. Raumbelastung. Aufgrund der eingege- 
benen Ist-Daten wird die Raumnachfrage in 
Form einer tabellarischen 'Hôrerkurve!' nach 
Fächern und nach zentralen Hürsaalkomplexen 
ausgedruckt und mit dem jeweiligen "Raum- 
angebot' verglichen. 


Simulationen 

1. Veranstaltungsnachfrage. Die Ermitt- 
lung der Nachfrage nach Veranstaltungen 
entspricht weitgehend den Ausführungen über 
Modell1 A. Auch hier sind je nach Informa- 
tionsstand verschiedene Varianten zur 
Bestimmung der wahrscheinlichen Hôrerzahlen 
vorgesehen. Auszerdem sind zusätzliche 
Annahmen über die genaue zeitliche Lage im 
Jahr zu treffen (Lage der Blôcke). 

2. Belastung des Lehrkôrpers. Die 
Berechnung der Belastung wird analog S. 
vorgenommen. Im Unterschied zu 2.b) werden 
hier aber auch die potentiell einsetzbaren 
Lehreinheiten mitbelastet. Die Belastung 
nach Bruttostunden auf Lehreïinheiten und 
Lehrerarten wird im Verhältnis der verfüg- 
baren Deputate der in Frage kommenden 
Gruppen von Lehrpersonen vorgenommen. 

3. Raumbelastung. Die Raumbelastung wird 
analog 3. ermittelt. Hierzu sind Eingaben 
Über die voraussichtliche zeitliche Lage 
im Jahr und die voraussichtliche Verteilung 
der Hôrerzahlen auf Blôcke notwendig. 


Auswertungen 


Folgende Auswertungstabellen sind zunächst 


Ses LReE 

+ Nachfragetabelle e. Durch diese Tabelle 
Rue ein grober Uberblick über die student- 
ische Teilnahme (Ist oder errechnet) an den 
verschiedenen Veranstaltungen des Faches 
gegeben. Auszerdem ist daraus die zeitliche 
Lage im Jahr sowie die Anzahl der (Ist oder 
errechneten) Multiplizitäten pro Veranstal- 
tung zu entnehmen,. 


b. Matrizen — Belastung Lehrerarten durch 
Veranstaltungsarten. Ahnlich wie in 


Model1 À werden die Belastungen der Lehrer- 
arten einer Lehreïinheïit nach den Veranstal- 
tungsarten aufgeschlüsselt. 

Auch werden die entsprechenden aggregier- 
ten Matrizen ausgedruckt. 

Der Vergleich von nachgefragten Stunden 
und der vorhandenen Deputate (im ersten 
Lauf des Ausgangssemesters netto, in allen 
anderen Rechenschritten brutto), zeigt 
Defizite auf und bildet den Ausgangspunkt 
für Kapazitäts- und Personalbedarfsüberle- 
gungen. 

Diese Matrizen werden zunächst eïinmal 
pro Studienjahr erstellt und sind wahlweise 
auch pro Block vorgesehen. 

c. Verflechtungsmatrizen. Da bei Kapa- 
zitäts- und Bedarfsuntersuchungen immer 
wieder die Frage auftaucht, in welchem 
Masze die Einzelfächer einer Universität 
im Bereich der Lehre miteinander verzahnt 
sind (eine Frage, die vor allem dann ent- 
scheidend ist, wenn man isoliert die Kapa- 
zität einzelner Fächer untersuchen môchte), 
wurde in diesem Verfahren ein Gedanke der 
in Karlsruhe im vergangenen Jahr durchge- 
führten Kapazitätsuntersuchung aufgegrif- 
fen, Die Dienstleistungen eines Fachber- 
eichs an einen anderen Fachbereich werden 
dabei im wesentlichen so gemessen, dasz 
für Veranstaltungen eines Fachbereïichs X, 
and der auch Studenten eines anderen Fach- 
bereichs Y teilnehmen, die Netto- und 
Bruttobelastung gemäsz dem Anteil dieser 
Studenten an der Gesamtteilnehmerzahl als 
Dienstleistung an den Fachbereich Y ange- 
rechnet wird (sowohl absolut als auch pro- 
zentual). 

d. Vergleich von Hôrerkurven und Raum- 
angebot. Die Raumnachfrage während eines 
Studienjahres wird in Form von Hôrerkurven 
dem Raumangebot gegenübergestellt. Diese 
Hôrerkurven werden pro Block ausgedruckt. 


Fragestellungen 

Die Gesamtberechnungen verlaufen prinzi- 
piell ähnlich wie die für das Modell be- 
schriebenen Berechnungen. Auch dieses 
Modell ist dynamisiert in der Weise, dasz 
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per Steuerkarte beliebig viele Untersuch- 
ungsperioden in einem Rechenlauf sukzessive 
durchsimuliert werden, wobei die gegebenen 
Studentenzahlen durch Ubergangsquoten 
fortgeschrieben werden und die zukünftigen 
Neuimmatrikulierten exogen in das Modell 
eingegeben werden, Auf die Kapazitätsfrage- 
stellung wurde zunächst verzichtet. 
Als Simulationen sind vorgesehen: 
- Variation der Deputate nach Lehrerart 
und Fach, 
- Variation der Betreuerrelationen nach 
Veranstaltungsarten. 
- Variation von Studentenzahlen verschie- 
dener Studienpläne. 


Fusznoten 
1. So sind die herkômmlichen Verfahren auf 
die Dimension Semesterwochenstunden 


beschränkt. 

Etwa von der Form: Die Veranstaltung 
findet im Raum À jeweils am Montag von 
16.00-18.00 Uhr statt. 

Unter Simulation wird im folgenden ver- 
standen, dasz es môglich ist, die 
Modellparameter durch Eingabe per 


Steuerkarte während eines Durchlaufs in 


der gewünschten Weise systematisch zu 
verändern, d.h. es ist nicht notwendig, 
zur Durchrechnung bei veränderten Para- 
metern die Datenkarten jeweils neu zu 
erstellen. 


4. Bruttobelastung heiszt dabei Gesamtbel- 


4 


astung durch die betreffende Veranstalt=« 
ung, d.h. Realzeit einschlieszlich Vor- « 


bereitung im Gegensatz zu den bloszen 
Kontaktstunden. 


Der Gegensatz zwischen zweckrationaler 
Systemplanung und traditioneller 
Lehrfreiheit + demokratischer 
Selbsthbestimmung im Hochschulbereich 


G. DOHMEN 
Universität Tübingen, W. Germany 


Es gibt wohl wenige Institutionen in der 
Bundesrepublik Deutschland, auf die der 
Begriff des kybernetischen "Systems! so 
wenig zu passen scheint, wie auf unsere 
Universität. Nehmen wir eine der alten 
traditionellen Universitäten, dann sehen 
wir doch wohl viel eher ein mehr oder weni- 
ger zufälliges Gebilde der Geschichte, ein 
weitgehend zusammenhangloses Konglomerat 
von disparaten Einzelfunktionen als ein 
System mit wissenschaftlich faszbaren 
Relationen der einzelnen Element, kompen- 
sierenden Rückkoppelungen usw. Der innere 
Zusammenhang die Grundstruktur dieses 
Gebildes Universität erschlieszt sich wohl 
immer noch eher einer historisch-hermeneut- 
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ischen Interpretation als einer kybernet- 
ischen Systemanalyse, 

Besonders gravierend erscheint mir in 
diesem Zusammenhang, dasz auch heute, in 
einer Zeit, in der kein grôszeres Hoch- 
schulinstitut mehr ohne Systemanalyse, 
Systemplanung, Systemsteuerung und System- 
kontrolle einigermaszen rationell arbeiten 
kann, die Anwendung dieses Instrumentariums 
auf die Hochschule selbst blockiert wird 
durch eine moderne irrationale Gegenbeweg- 
ung, die die alte unsystematische, unra- 
tionelle, planlose Grundstruktur der alma 
mater mit modernen politischen Argumenten 
verteidigt. Ich meine einen Teil der 
radikal-demokratischen Studentenbewegung 


unserer Tage. 

Es scheint so, als ob die alten Universi- 
| täts-Traditionen und die neuen radikal- 
| demokratischen Basis-Ideologien heute 
| praktisch ein ungewolltes Bündnis eingehen 
gegen die Anwendung der modernen System- 
analyse, Systemplanung und Systemsteuerung 
auf die Hochschulen selbst. 

Wir wollen zur Überprüfung dieser These 
zunächst auf einige dieser traditioneller 
Strukturzüge der Universitäten hinweisen 
und dann die Verschränkung mit dem neuen 
Studentischen Irrationalismus bzw. zum 
Teil sogar Anarchismus aufzuzeigen versuch- 
en, 


1 
Institutionen, die immer schon in erster 
Linie wissenschaftliche Forschungs- und 
Ausbildungsaufgaben haben, sind einer sys- 
tematischen Arbeitsplanung schwer zugäng- 
lich; die Effizienz ihrer Arbeit ist nur 
schwer feststellbar und zum Teil überhaupt 
nicht kontrollierbar. 

1. Es liegt im Wesen der Forschung, dasz 
sie in ein noch unbekanntes Terrain vord- 
ringt und dasz angesichts der weitgehend 
unbekannten Môglichkeïiten, Hindernisse, 
Wirkungsfaktoren eine zuverlässige Planung 
und Kontrolle im Hinblick auf das Erreichen 
bestimmter Ergebnisse in einem bestimmten 
Zeitraum und mit einem bestimmten 
Personal- und Mittelaufwand kaum môüglich 
zuWseinmscheint. 

2. Auch die Planung und die Ergebnisse 
universitärer Ausbildungsveranstaltungen 
sind im Grunde weitgehend offen, Die 
scheinbare Geschlossenheit eines Ausbild- 
ungssystems, in dem die Lehrenden zugleich 
die Prüfer sind, kann kritische Beobachter 
nicht darüber hinwegtäuschen, dasz z.B. die 
gesellschaftliche Relevanzdessin, was 
jeweils gelehrt und gelernt wird, weitge- 
hend unreflektiert und unkontolliert blei- 
ben, und dasz das Funktionieren des Gesamt- 
systems auch kaum in objektivierbarer Form 
analysiert und geplant wird. 


2e 

Das Prinzip der 'Einheit von Forschung und 
Lenre wie es in neuerer: Zeit: im Prinzip 
des "'Forschenden Lernens' eine spezifische 
Bestätigung erfahren hat, macht eine effek- 
tive Planung, Steuerung und Kontrolle in 
beïiden Bereichen gerade wegen ihrer wech- 
selseitigen Verschränkung kaum môglich, 

1. Wenn ein aufgrund einer entsprechen- 
den Zeit-, Personal- und Mitteleinsatzplan- 
ung angelaufenes Forschungsprojekt sich in 


seinem Abschlusz immer weiter hinzieht und 
die Bewilligung immer neuer Mittel notwend- 
ig macht oder wenn es gar zu überhaupt 
keïinem Ergebnis führt, das den Aufwand 
rechtfertigen würde, dann ist es immer noch 
môglich, bildungsükonomisch begründete 
Kritik mit dem Hinweis auf die wesentlich- 
en, aber selbstverständlich nicht meszbaren 
Bildungswirkungen einer lernenden Teilhabe 
der Projektmitarbeiter an einem Forschungs 
prozesz zu unterlaufen. 

2. Die Ergebnisse eines forschenden Lern- 
ens sind nicht so leicht in Hochschulexamen 
feststellbar, wie die Ergebnisse eines auf 
den Erwerb reproduzierbaren Wissens ab- 
gestellten Studiums. Der Gewinn eines 
methodenkritischen Bewusztseins, die Über- 
tragung eines auf die 'reine' Wahrheits- 
suche bezogenen wissenschaftlichen Ethos, 
die Disziplinierung des Geistes usw. — 
diese und andere Faktoren der sogenannten 
‘wissenschaftlichen Bildung' — sind weit- 
gehend unplanbare und unwägbare Grôszen 
und deshalb (wie jede formale Bildungsidee) 
geeignet, im Grunde jedes wissenschaftliche 
Studium — gleichgültig um welche Gegen- 
stände es sich handelt oder wie zufällig 
und aufwendig es ansetzt — zu rechtferti- 
gen. 


3% 
Die traditionelle Hochschulautonomie 
schafft in gleicher Weise Freiräume für 
selbstständiges effektives Arbeiten wie 
für esotherische Glasperlenspiele oder ganz 
handfesten Schlendrian. Die Grenze des 
volkswirtschaftlich vertretbaren Misz- 
brauchs dieser Freiheit droht im Zuge der 
Vermassung und Demokratisierung der Hoch- 
schulen überschritten zu werden. 

1. Die traditionelle Autonomie der Hoch- 
schulen beruhte bei der alten 'Ordinarien- 
Universität" zum Teil auf der Vorstellung, 
dasz es sich eine Gesellschaft ruhig 
leisten kônne, einer kleinen Gruppe 
entsprechend ausgewählter, durch eigene 
wissenschaftliche Leistungen ausgewiesener 
Wissenschaftler einen grôszeren, unkontrol- 
lierten Freiheitsspielraum für Forschung 
und Lehre einzuräumen, — zumal man doch 
keine Môglichkeit sah, durch ohnehin nur 
quantitativ festlegbare Planungen und Verp- 
flichtungen einen wirksamen Einflusz auf 
die Qualität der geleisteten Arbeit zu 
nehmen. Hier muszte man sich auf den frei- 
willigen, selbständigen Einsatz der meist 
ohnehin vom Engagement der Erkenntnissuche 
gepackten Professoren verlassen. Diese Sys- 
tem hat die ungeplante, mehr oder weniger 
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spontan ansetzende Einzelarbeit einer hoch- 
privilegierten Kaste ermôglicht, deren 
einzelne Mitglieder sich allerdings auch 
auf früheren Lorbeeren ausruhen bzw. eine 
Art ‘sine cure'-Stellung für die Befriedi- 
gung eigener Hobbys ausnutzen konnten, 

2. Die Demokratisierung der Hochschulen 
hat weniger zum Abbau als zu einer 'Sozial- 
isierung' dieser Ordinarien-Privilegien 
geführt. Damit haben unter dem Schutz der 
Hochschulautonomie und im Zeichen einer 
herrschaftsfreien akademischen Selbstbestim- 
mung eine immer grüszere Zahl von Dozenten 
und schlieszlich auch von Assistenten und 
Studenten, die selbst oft die Fähigkeit zu 
eigener disziplinierter wissenschaftlicher 
Arbeit noch gar nicht erworben bzw. nach- 
gewiesen haben, einen relativ groszen 
Freiheitsspielraum erhalten. Das bei einer 
kleinen Zahl ausgewählter Privilegierter 
für die Gesellschaft noch zu verkraftende 
Miszbrauchs-Risiko, ist bei einer auch im 
Zusammenhang mit der rapiden Vergrôszerung 
der Hochschulen unausweichlichen Verviel- 
fachung derer, die diese Privilegien in 
Anspruch nehmen, notwendigerweise an die 
Grenzen des volkswirtschaftlich Vertret- 
baren geraten. 


4, 
Je grôüszer ein wissenschaftliches Institut 
wird (und je stärker es auch produktive 
Aufgaben hat), desto notwendiger wird die 
arbeitsteilige Zusammenarbeit der Mitar- 
beiter nach einem zentral abgestimmten und 
kontrollierten Arbeits- und Funktionsplan. 
Diese zweckrationale Systemplanung und 
dann natürlich auch die darauf bezogene 
Systemsteuerung und Systemkontrolle stoszen 
aber in der Praxis im Hochschulbereich auf 
einen entschiedenen Widerstand. 

1. Ein Groszinstitut, in dem z.B. mehrere 
Einzelwissenschaftler, Projektgruppen usw. 
nebeneïnander mit ähnlichen Projekten 
beschäftigt sind, kann nicht jeder einzel- 
nen Interessentengruppe den relativ selten- 
en und relativ teuren Sachverstand besond- 
erer Institutsspezialisten jeweils voll 
integriert zur beliebigen eigenen Verfügung 
stellen. Das gleiche gilt für spezielle 
Apparate, Geräte des Instituts usw. 

Das Prinzip einer rationellen Verwendung 
besonders knapper und besonders teurer 
Resourcen zwingt dazu, spezielle Quer- 
schnittsfunktionen und technische Hilfen, 
die von verschiedenen Gruppen oder Indivi- 
duen immer nur partiell benôtigt werden, 
zentral zusammenzufassen, um sie dann nach 
einem vorher abgesprochenen Einsatzplan 
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den verschiedenen Interessenten jeweils 
begrenzt ‘auszuleihen'. Schon dieses noch 
relativ einfache Beispiel zeigt die Not- 
wendigkeit einer zweckrationalen System- 
planung und Systemsteuerung mit entsprech- 
enden Ablaufplänen, Netzplänen usw. Wenn , 
dazu auch noch die Zusammenarbeïit mit L 
anderen Institutionen und die Berücksichti- 
gung von auszen gesetzter Auflagen, Termine 
usw. kommt, dann wird eine zentrale Planung 
und Steuerung vollends unumgänglich. 

2. Es gehôrt aber zum Selbstverständnis 
der im Zusammenhang mit der modernen 
emanzipatorischen Studenten- und Assisten- 
tenbewegung entstandenen sogenannten 
‘Basisgruppen' bzw. 'Projektgruppen' an 
den Hochschulinstituten, dasz sie die 
Ziele, Inhalte, Methoden und den zeitlichen 
Ablauf ihrer Arbeit in der Regel ad hoc 
kollektiv selbst bestimmen und auch perma- 
nent selbst revidieren und kontrollieren 
wollen. Von da aus empfinden sie jede vor- 
gängige Systemplanung und dem entsprechende 
zentrale Uberwachung als "Systemzwang' und 
‘Fremdbestimmung' und lehnen sie daher im 
Namen der demokratischen Mitbestimmung und 
Selbststeuerung ab. 

Dieser Widerstand ist unter anderem auch 
deshalb so stark, weil sich in ihm ver- 
schiedene starke Motive weitgehend irra- 
tionaler Art zusammenbündeln: 

a. Eine radikal-demokratische Basis- 
Ideologie. 

Eine kommunikativ-kollektivistische 
Team-Ideologie. 

c. Das Natürliche Interesse, Freiïiheits- 
spielräume bzw. Freiheitsprivilegien 
zu verteidigen (wer müchte nicht 
lieber ohne eïne zentrale Planung, 
Leitung bzw. einen "Vorgesetzten! sich 
das Arbeitsmasz, die Arbeitszeiten 
usw. von Fall zu Fall nach eigenem 
Gusto selbst festlegen?). 

Die natürliche Bequemlichkeit, die 
immer dem Prinzip der Fremdbestimmung 
und der Fremdkontrolle abgeneigt ist, 
und schlieszlich. 

Die Scheu vor persôünlicher Verantwort- 
ung, die sich gerne hinter den Mehr- 
heitsbeschlüssen eines gleichberechti- 
gten Teams verschanzt. 

Es ist aber wesentlich zu sehen, dasz 
dieses ganze Bündel von Motiven direkt 
ansetzen kann bei den Traditionen der alten 
sogenannten ‘Ordinarien-Universität' mit 
ihren Freiïheitsspielräumen und mit ihren 
oft auch nahezu anarchischen Strukturen. 

3. Wenn die Notwendigkeit zentraler Plan- 
ung und Steuerung unbestreitbar geworden 


b. 


ist, stellt sich die Frage, wie sie mit 
dem neuen Prinzip der demokratischen Legi- 
timation von der 'Basis' aller Beteiligten 
her zu vermitteln ist? An diesem Punkt 


|  stehen wohl heute die meisten der grôszeren 


Hochschulinstitute der Bundesrepublik. Eine 
Überzeugende Lôsung dieses Problems ist 
wohl noch nirgends in Sicht. 

Es scheïint in einem Institut, in dem 
mehr als hundert ständige Mitarbeiter mit 
verschiedenen Arbeïitsschwerpunkten tätig 
sind, nicht müglich zu sein, dasz alle 
Über all gemeinsamen Angelegenheiten mit- 
bestimmen bzw. mit entscheiden, ohne dasz 
der Arbeitsbetrieb unrationell und auf die 
Dauer gerade für diejenigen, die noch 
daran interessiert sind, die Sacharbeit 
zügig voranzubringen, frustrierend wird. 


. Auch die Bildung eines Institutsrats aus 


gewählten Vertretern, die dann jeweils bei 


jeder Planungs- und Kontrollentscheiïidung an 
eine vorherige Meinungsbildung ihrer Wäh1l- 
ergruppe gebunden sind, scheïint nur zu 
endlosen Debatten, Kommissionssitzungen 
usw. und schlieszlich zu wenig sachkundigen 
Entscheiïidungen zu führen. Dieses Problem 
führt weiter bis zu Einzelfragen wie: 

- Ist nicht jede wissenschaftliche Sys- 
tem-Planung und rationale Systemsteuer- 
ung, schon wegen ihrer Differenziert- 
heit und schweren Durchschaubarkeiïit, 
unpopulär und hat daher wenig Chancen 
mit demokratischer Zustimmung zum Zuge 
zu kommen? 

- Haben nicht immer wieder, innerhalb 
und auszerhalb der Universitäten, die 
Vereinfacher und Schwarz-Weisz-Zeich- 
ner, die komplexe Zusammenhänge auf 
persônliche Frontstellungen, Positionen 
und Interessen reduzieren, grôszere 
Chancen demokratischen Rückhalt zu ge- 
winnen, als die kühleren, unter 'Tech- 
nokratie-Verdacht' stehenden System- 
planer und diejenigen, die ein hoch- 
komplexes System vernünftig zu steuern 
versuchen? 

- Bringt nicht jede Systemplanung auch 
einen 'Systemzwang' für den einzelnen 
mit sich und weckt deshalb sein Misz- 
trauen und seinen Widerstand? 

- Welches Gewicht haben Planungen, Ter- 


mine usw, Über die der einzelne selbst 
demokratisch mit entschieden hat und 
die er jederzeit auf dem gleichen Wege 
wieder ändern zu kôünnen glaubt (nach 
dem Prinzip, keine Krähe wird schliesz- 
lich einer anderen ein Auge aushacken) ? 
- Und wie steht es mit der Funktions- 
fähigkeit einer Planungs Leitungs- und 


Kontrollinstanz, die man selbst gewählt 
hat und jederzeit abwählen kann? 

- Welche Einzelgruppe wählt schon in ein 
zentrales Planungs- und Steuerungs- 
gremium einen Vertreter, dem die über- 
greifenden Interessen einer rationellen 
Planung und Steuerung des Gesamtsystems 
wichtiger sind als die Verteidigung der 
spezifischen Interessen und Freiheits- 
spielräume seiner Gruppe? 

Dies alles führt wieder auf unsere Grund- 
frage: 

Wie sollen Systemanalyse, Systemplanung, 
Systemsteuerung und Systemkontrolle in 
einer Umwelt erfolgreich ansetzen und 
funktionieren, die jedem übergreifenden, 
die Freiheit des einzelnen umgreifenden 
und eïinschränkenden "System! mit altem 
traditionellem und neuem ideologischem 
Misztrauen begegnet? Wie soll zweckration- 
ale Planung einen fruchtbaren Ansatz finden 
in einer Institution, deren Traditionen 
immer schon systemplanungsfeindlich waren 
und deren jüngste Mitglieder nun auch noch 
eine irrationale 'Systemfeindschaft' als 
Gegnerschaft gegen jedes rational und 
zentral ansetzende Systemdenken propagier- 
en? 


Ich kann diese Fragen nur stellen, ich 

kann sie nicht beantworten; ich konnte hier 
nur auf ein Problem hinweisen, das sozu- 
sagen einem praktizierenden Laien, der 
selbst ein wissenschaftliches Groszinstitut 
im Hochschulbereich zu leiten hat, in der 
Praxis aufgestoszen ist. 

Ich hoffe, die hier anwesenden Experten 
der wissenschaftlichen Systemplanung finden 
es nicht unter ihrer Würde, sich auch mit 
einem solchen Problem zu befassen und 
vielleicht sogar etwas zu seiner Klärung 
beizutragen. 
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Systemdenken in der modernen Wissenschaft 


1. W. BLAUBERG 
Academy of Sciences, Moscow, USSR 


1 
Systemforschungen bilden zur Zeit einen 
sehr weiten und verzweigten Bereich in der 
wissenschaftlichen Erkenntnis. Solche 
Termini wie "System', 'Systemdenken", 
‘Systemanalyse', 'Systemtheorie' usw. wur- 
den zu den gebräuchlichsten Ausdrücken der 
gegenwärtigen Wissenschaftssprache. Deshalb 
ist auch der Versuch eine mehr oder minder 
einheitliche Interpretation dieser viel- 
fältigen Termini zu erreichen durchaus 
gerechtfertigt. 

Da in der Überschrift meines Beitrages 
von 'Systemdenken' gesprochen wird, fühle 
ich mich verpflichtet, zunächst zu erklär- 
en, welchen Inhalt ich unter dem Terminus 
verstehe. Der eine Weg wäre dabeï, die in 
der Literatur vorhandenen Interpretationen 
dieses Terminus zusammenzustellen und zu 
systematisieren. Dabei stossen wir aber 
auf bedeutende Schwierigkeiten, die sich 
letzten Endes dadurch erklären lassen, 
dass wir bis jetzt zu wenig Klarheit über 
den Gegenstandsbereich der Systemforschung 
haben. Handelt es sich um eine bestimmte, 
begrenzte Klasse realer Objekte oder um 
eine bestimmte Seite, einen besonderen 
'Aspekt' der gesamten Wirklichkeit? Handelt 
es sich um eine Menge von strengen logisch- 
methodologischen Mitteln oder um eine all- 
gemeine Orientierung der Forschungstätig- 
keit? Gilt diese Dènkweise für die ganze 
gegenwärtige Wissenschaft oder nur für 
einige ihrer Zweige? In allen diesen 
Alternativfragen gibt es keine Übereinstim- 
mung in der gegenwärtigen Literatur, ob- 
gleich es vôllig klar ist, dass unter- 
schiedliche Antworten wesentlich unter- 
schiedliche Auffassungen von der System- 
forschung und ïihrem Platz in der modernen 
Wissenschaft bedingen,. 

Die sich immer verstärkende Heterogenität 
der Systemforschungen lässt wenig Hoffnung, 


Der russische Ausdruck 'sistemny podchod'! 
wie das englische ‘systems approach! haben 
keine direkte Âquivalente im Deutschen. In 
diesem Text wird dafür der Termin 'System- 
denken' gebraucht,. 
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dass in den nächsten Jahren übereinstim- 
mende Antworten müglich sind. Trotz (oder 
vielmehr gerade wegen) dieses Umstandes . 
darf keiner Forscher, der auf dem Gebiet 
der Methodologie der Systemforschungen 
arbeitet, die Notwendigkeit übersehen, 
seine Haltung zu diesem Problemkreis zu 
explizieren. Damit aber kommt man zur 
Erforschung der Gründe für die Entstehung, 
Entwicklung und Zielstellung der System- 
forschungen sowie ihres Zusammenhanges mit 
bestimnten Tendenzen in der Entwicklung 
der modernen Wissenschaft. Das betrifft 
auch den Verfasser dieses Referats, der 
zunächst den Blickwinkel identifizieren 
muss, unter welchen er die Funktionen des 
Systemdenkens in der wissenschaftlichen 
Erkenntnis betrachten wird. 


2% 
Auf den ersten Blick erscheint die Behaupt- 
ung selbstverständlich, die Systemforschung 
untersuche Systeme, wobei man unter den 
Systemen im allgemeinen eine Gesamtheit 
zusammenhängender Elemente versteht. Diese 
Behauptung hat aber ausser ihrer offenbaren 
Tautologie noch einen bedeutenderen Mangel. 
Es ist bekannt, dass das Streben, die 
Forschungsobjekte als Systeme zu betracht- 
en, einen Charakterzug vieler Zweige der 


modernen Erkenntnis bildet. Folglich 


bedeutet die angeführte Definition eine 
Gleichsetzung der Systemforschung mit der 
modernen Forschung insgesamt. 

Die Behauptung, dass das Ziel der System- 
forschung in der Ausarbeitung von Verfahren 
und Mitteln für Erforschung von Objekten 
als Systeme bestehe, kommt der Wahrheit 
schon bedeutend näher. Danach liegt der 
Schwerpunkt der Systemforschung also nicht 
in der Frage 'was?', sondern in der Frage 
‘wie?': wie muss man die Forschung auf- 
bauen, um systembildende Zusammenhänge bzw. 
Parameter zu identifizieren? 

Die sich gegenwärtig immer mehr durch- 
setzende Tendenz zur Synthäse, zur Integra- 
tion des Wissens verdeutlicht die Mangel- 
haftigkeit der Einteilung der Forschungs- 
objekte nach dem Gegenstandsprinzip, wobei 
ein bestimmter Bereich der Realität zum 
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Monopol einer einzelnen Wissenschafts- 
disziplin erklärt wird. Eine solche par- 
tielle Erforschung von Objekten mit den 
Methoden jeweils einer Wissenschaft (bei- 


| spielsweise des Lebens — mit den Methoden 


der Biologie) ist eine notwendige Etappe 
der Erkenntnis, die eine Reihe wichtiger 
Vorstellungen von der Natur des Objektes 
zu gewinnen erlaubt. Aber diese Vorstell- 
ungen, selbst wenn sie die bestimmende 
Tendenzen in der Entwicklung des Objektes 
betreffen, liefern uns dennoch eine unvoll- 
ständige, eine partielle Kenntnis des Ob- 
jektes. Wenn aber die praktische Aufgabe 
entsteht, vollständige und allseitige 
Kenntnis Über ein komplexes Objekt zu er- 
halten, so erweist sich, dass diese Aufgabe 
nicht auf der Grundlage einer monodiszipli- 
nären Einstellung erfüllt werden kann. 
Symptomatisch für eine solche Situation ist 
erstens das Entstehen der sogenannten 
Grenzwissenschaften, und zweitens das 
Entstehen der allgemein-wissenschaftlichen 
Richtungen.wie z.B. Kybernetik oder System- 
theorie. 

Der Grund dieser Erscheïinungen liegt 
darin, dass ein komplexes Objekt eben wegen 
seiner Komplexität nicht mit den Mitteln 
einer einzelnen Wissenschaft abgebildet 
werden kann. So ist das Leben weder eine 
biologische noch eine chemische noch eine 
physikalische Erscheinung noch eine kyber- 
netische Anlage oder ein System, sondern 
trägt Züge aller dieser Erscheinungen. 
Biologie, Chemie, Physik (genaugenommen 
Biophysik und Biochemie), Kybernetik und 
Systemtheorie sind nur verschiedene Be- 
schreibungsweisen dieses Objektes, von 
denen keine Exklusivität oder Vollständig- 
keit beanspruchen kann. 

Das bedeutet unter anderem, dass die 
Einteilung der Objekte der realen Welt in 
Systeme und Nichtsysteme nicht effektiv 
ist. Grundsätzlich jedes Objekt kann als 
System betrachtet werden; diese Betracht- 
ungsweise ist aber nur dann zweckmässig, 
wenn sich die traditionellen Methoden als 
nicht effektiv erweisen. Das Systemdenken 
stellt eher einen Standpunkt oder ein ge- 
wünschtes Forschungsziel dar als eine 
spezialisierte Methode oder ein inhaltlich 
bestimmtes Gebiet der Forschung, deren 
Ziel der Aufbau der oder jener Theorie ist. 
Das ist eine Orientierung des Forschers, 
ein bestimmter Stil des wissenschaftlichen 
Denkens. Zugegeben, eine solche Auffassung 
des Systemdenkens wird nicht von allen 
Forschern geteilt, die auf konkreten 
Gebieten der Systemforschung arbeiten, den 


dort wird die Denkweise oft durch spezielle 
Ziele und enge Beziehung auf die Lbsung der 
konkreten Aufgaben beeinflusst. Deshalb 

ist adäquates Verständnis des Systemdenkens 
nicht aus sich selbst heraus zu erhalten, 
sondern nur aus der Bestimmung seines 
Platzes und seiner Funktion in der modernen 
Wissenschaft. Von diesem Standpunkt aus 
kann die Systemforschung als eine methodo- 
logische Richtung in der modernen wissen- 
schaftlichen Erkenntnis qualifiziert wer- 
den. Das Entstehen dieser Richtung ist Aus- 
druck einer allgemeinen Tendenz: die Rolle 
von methodologischer Analyse erhôht sich 
wesentlich und die Methodologie konstitu- 
iert sich zu einer selbständigen Sphäre 

der Erkenntnistätigkeit. 

Das bedeutet aber auch die Anfechtbarkeit 
der oft gebrauchten Deutung der Systemfor- 
schung als einer rein formalen Richtung 
oder ihrer Gleichsetzung mit diesen oder 
jenen mathematischen Methoden, die in 
konkreten systemthoretischen Untersuchungen 
verwendet werden. Wir wollten damit keïines- 
falls die Wichtigkeit der formalen Methoden 
herabsetzen, Eine der Hauptaufgaben der 
Systemforschungen sehen wir im Aufbau 
formaler Varianten der allgemeinen System- 
konzeptionen, die zur Ausarbeitung der 
allgemeinen Sprache der Wissenschaft beit- 
ragen. Wir wollten nur betonen, dass eine 
adäquate Einschätzung dieser Methoden nur 
danach môglich ist, in welchem Umfang sie 
die Grundsätze des Systemdenkens ausdrück- 
en. 


3, 
Was sind das für Grundsätze? Ich muss mich 
hier darauf heschränken, sie in allgemeiner 
Form aufzuzählen: 

a. Die Vorstellung von der Ganzheit des 
zu erforschenden Systems und die damit 
verbundenen Vorstellungen von der 
Umgebung des Systems und seinen 
Elementen. 

b. Der Begriff der Ganzheiïit wird durch 
den Begriff des Zusammenhanges kon- 
kretisiert, wobei unter den Zusammen- 
hängen vor allem die systembildenen 
in Vordergrund treten. 

c. Die stabilen systembildenden Zusammen- 
hänge bilden die Struktur des Systems, 
d.h. seine Ordnung, und die Richtung 
dieser Ordnung charakterisiert die 
Organisation des Systems. Sinnvoll 
ist in der Systemforschung auch der 
Begriff der Selbstorganisation. 

d. Die Struktur ihrerseits kann sowohl 
horizontal (Zusammenhänge zwischen 
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gleichwertigen Systemkompnenten) als 
auch vertikal gegliedert sein. Verti- 
kale Gliederung bedeutet Vorhandensein 
von Systemebenen und einer bestimmten 
Hierarchie der Ebenen. 

e. Das Vorhandensein einer Hierarchie in 
der Struktur stellt die Frage des 
Zusammenhanges zwischen den verschied- 
enen Ebenen. Dieser Zusammenhang 
kommt durch Steuerung zustande. Wenn 
das System über ein eigenes Steuer- 
ungsorgan verfügt, wird das Funktion- 
ieren und die Organisation des Systems 
durch sein Ziel beeinflusst. 


4, 
Unter den angeführten Grundsätzen spielt 
eine besonders wichtige Rolle die Vorstell- 
ung von der Ganzheït des Systems, Man kann 
sogar sagen, dass das wichtigste Charakter- 
istikum des Systemdenkens ist, seine von 
Anfang an bewusste Orientierung auf die 
Erforschung der Objektes als einer Ganz- 
heit. Obwohl die Wissenschaft schon lange 
die Nichtreduzierbarkeit des Ganzen auf 
die Summe seiner Teile und die Wichtigkeit 
der ganzheitlichen Erfassung der Erschein- 
ungen anerkannt hat, Überwiegt in der wis- 
senschaftlichen Erkenntnis nach wie vor 
die Bewegung von den Teilen zum Ganzen, 
von den Elementen zum System und nicht 
umgekehrt. Dabei bleïibt die Aufgabe der 
Integration des gewonnenen Wissens oft im 
Schatten, wobei natürlich die Ganzheit des 
Forschungsgegenstandes verlorengeht. Diese 
Situation wird von Arthur Eddington charak- 
terisiert: "'Oft denkt man, wenn man irgend- 
ein enzelnes Objekt erforscht hat, dass 
man jetzt über eine Kenntnis von zwei sol- 
chen Objekten verfügt, den ‘zwei! sei doch 
‘ein und eïin', Dabeï vergisst man aber die 
Notwendigkeit, das zu erforschen, was sich 
hinter dem ‘'und' verbirgt''. Die Systemfor- 
schung interessiert sich für das Problem 
dieses 'und'. Sogar die von mir angeführte 
unvollständige Aufzählung der Begriffe des 
Systemdenkens zeigt, dass sie alle — Zusam- 
menhang, Struktur, Organisation, Steuerung, 
Ziel — darauf gerichtet sind, von allen 
Seiten die integrativen, auf die Ganzheit 
bezogene Eigenschaften des Gegenstandes zu 
charakterisieren. 


CE 
Der oben beschriebene Begriffsapparat der 
Systemforschung verfügt über noch ein 
wichtiges Merkmal. Wenn wir diese Begriffe 
einzeln betrachten, merken wir sofort, 
dass jeder von ihnen in der Sprache der 
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Wissenschaft schon lange existiert. Ihre 4 
Kombination aber ist sehr spezifisch und 
orientiert in eine bestimmte Richtung — 
nicht auf das Wissen per se, nicht auf die 
‘reine! Erkenntnistätigkeit, sondern auf 
eine Tätigkeit, deren Ziel die Steuerung 
des Objektes ist, das als System betrachtet” 
wird, oder im Falle der technischen und i 
mancher anderen Systeme auf das Konstruier- 
en des Systems. Tatsächlich kann man nicht 
steuern, ohne eine ganzheitliche Vorstell- 


ung über das Objekt zu besitzen; es sind 
gerade Steuerungsaufgaben, die vollständige 
Kenntnisse über die Zusammenhänge eines 
Objektes, seine Struktur, Organisation und 
Hierarchie fordern; für eine effektive 4 
Steuerung werden auch Vorstellungen über 
die Ziele des Systems eingeführt und die 
Wege der Erreichung dieses Zieles bestimmt. 
Jetzt lässt sich erklären, warum die 
Systemforschung sich vor unseren Augen in 
der zweiten Hälfte des XX Jhs. so stürmisch 
zu entwickeln beginnt. Dieser Prozess ist 
mit den Besonderheïiten der modernen wissen- 
schaftlich-technischen Revolution verbund- 
en; der Übergang von der Erzeugung eïinzel- 
ner technischer Mittel zum Konstruieren 
technischer Systeme, die Komplizierung der 
zusammenhänge in der Wirtschaftsleitung, 
die kolossalen materiellen Verluste bei 
schlecht begründeter Produktionsplanung, 
das Entstehen von ‘big science', die Prob- 
leme der Umweltschutzes — all das macht 
die Verwendung des Systemdenkens zur 
Lebensnotwendigkeit. Die Entwicklung der 
Rechentechnik ermôglicht die Erfassung 
aller relevanten Faktoren in ihrer Dynamik 
vorausgesetzt, dass die Modelle und Pro- 
gramme dieser Aufgabe gewachsen sind. Ein 
anderer Bereich ist die Steuerung der 
sozialen Prozesse, die sich immer mehr in 
eine spezialisierte Tätigkeitsform ver- 
wandelt und eine entsprechende wissen- 
schaftliche Begründung fordert. 


6. 

Nach dem Gesagten kann man versuchen die 
am Anfang des Beitrages gestellte Frage 
Über den Gegenstandsbereich der Systemfor- 
schung zu beantworten. Wenn man mit der 
Behauptung einverstanden ist, dass die 
Systemforschung in der modernen Erkenntnis 
methodologische Funktionen erfüllt und 
ihre Anwendung auf die oder jene Objekte 
in erster Linie durch das Forschungsziel 
bestimmt wird, so folgt daraus: 

a. Systemforschung hat keïinen fixierten. 

empirischen Gegenstandsbereich. 
b. Inkorrekt ist die Fragestellung, ob 


ein Objekt ein System ist oder nicht. 
Systemforschung kann ein beliebiges 
Objekt betreffen; an einem Objekt 
kônnen Systeme verschiedener Art be- 
handelt werden, in einer bestimmten 
Beziehung kann es auch mit Mitteln 
behandelt werden, die der Systemfor- 
schung nicht eigen sind. 

c. Als falsche erweist sich die Behaupt- 
ung, jedes Wissen sei ein System, denn 
die Eigenschaft, ein System (in dem 
oben genannten Sinne) zu bilden, ist 
dem Wissen nicht von Anfang an eigen. 
Sie entsteht erst als Resultat der 
methodologischen Einsicht in die Auf- 
gaben und Mittel der Wissenschaft. 

d. Zu jedem Zeitpunkt ist die System- 
forschung nicht auf die ganze Wissen- 
schaft orientiert, sondern nur auf 
die Wissenschaftsgebiete und -rich- 
tungen, welche jeweils in dieser oder 
jener Form entsprechend methodologisch 
reflektiert werden. 

d': 

ll 

Die methodologischen Grundsätze der System- 
forschung werden zur Zeit mit verschiedener 
Effektivität auf vielen konkret-wissen- 
schaftlichen Gebieten angewandt. Diese 
Anwendungssphäre der allgemeinen Ideen und 
Grundsätze der Systemforschung bildet 
einen wichtigen Bestandteil der Systemfor- 
schungen (im breiten Sinne). Zur Zeit kann 
man wenigstens drei solche Anwendungstypen 
definieren: 

a. Verwendung der allgemeinen theoreti- 
schen Grundsätze der Systemforschung 
für die Ausarbeitung von formalisier- 
ten Konzeptionen auf verschiedenen 
Wissensgebieten (z.B. Theorie der 
offenen Systems L. von Bertalanffy). 

b. Verwendung der allgemeinen System- 
grundsätze für die Aufstellung und 
Lüsung bestimmter spezialwissenschaft- 
licher Probleme in vielen Disziplinen 
(Ükologie, Linguistik, Psychologie, 
Soziologie usw.). 

c. Die mit dem Gebrauch von Methoden und 
Prozeduren der 'Systemanalyse' (sys- 
tems analysis) verbundenen Anwendungen 
des Systemsdenkens fur die wissen- 
schaftliche Begründung der Entscheid- 
ungen von praktischen Problemen der 
effektiven Leitung auf verschiedenen 
Gebieten (Politik, Ükonomik, Wissen- 
schaft, Volksbildung, Industrie, 
Verkehr usw.). Das besondere Merkmal 
der Systemanalyse besteht in der Ver- 
einigung formaler Methoden und des 


automatischen Modellierens mit der 
Intuition der Fachleute — Experten 

und Leiter. Dabei wird die grôüsste 
Aufmerksamkeit der Fähigkeit geschenkt, 
das Problem als Ganzes zu erfassen und 
die Wege zu seiner Lôsung als eine 
Gesamtheit zusammenhängender Handlung- 
en darzustellen., Das fordert eine 
Veränderung des Denkstils, insbesond- 
ere bei Entscheiïidungen über Leitungs- 
probleme. 

Die Verwendung der Systemanalyse in der 
Leitungstätigkeit ist, soweit man nach der 
Literatur beurteilen kann, sehr effektiv 
in praktischer Hinsicht, denn sie ermôgli- 
cht eine beträchtliche Einsparung von 
Mitteln und Materialien, Es sei bemerkt, 
dass hier die Orientierung der Systemein- 
stellung auf die Tätigkeit zur Steuerung 
von Objekten, von der bei der Charakteris- 
tik des Begriffsapparates der Systemfor- 
schung die Rede war, praktisch realisiert 
wird. 


ce / 
Zum Schluss betrachten wir die Frage der 
Môglichkeïiten einer Verwendung des System- 
denkens in der Erforschung der Wissenschaft 
als eines besonderen Systems. Da die Wis- 
senschaft als eine Ganzheit von einem 
besonderen Wissenschaftszweig (Wissen- 
schafts-wissenschaft) studiert wird, 

kônnen wir diese Frage auch anders formu- 
lieren: worin besteht die Anwendungs- 
müglichkeïit des Systemdenkens in der 
Wissenschaftswissenschaft? 

Die Versuche auf diesem Begiet sind bis 
jetzt nicht zahlreïich und nicht sehr 
fruchtbar, was man durch die Komplexität 
des Objekts und durch die Mängel bei der 
Ausarbeitung der theoretischen Grundlagen 
sowohl des Systemdenkens als auch der 
Wissenschaftswissenschaft erklären kann. 
Uns scheint aber, dass die mangelnde 
theoretische Reife dieser jungen Forschungs- 
richtungen keïin Grund für eine pessimist- 
ische Einschätzung ihrer Aussichten und 
ihres zukünftigen Zusammenhanges ist. Es 
kommt in der Wissenschaft nicht selten vor, 
dass komplexe Probleme nicht durch eine 
Vervollkommnung der traditionellen Methoden 
ihre Lôsung finden, sondern durch die Ver- 
wendung von neuen Methoden, die manchmal 
noch nicht exakt ausgearbeitet sind, dafür 
aber ein neues Herangehen an das Forschungs- 
objekt ermôglichen. Andererseits kann diese 
Praxis sich auch gegenüber der neuen 
Methode als fruchtbar erweisen, indem ihre 
heuristischen Potenzen geprüft werden. 
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Das Studium der Wissenschaft erfolgte 
früher und zum grossen Teil auch jetzt vom 
Standpunkt verschiedener Disziplinen (Wis- 
senschaftssoziologie, Wissenschaftsükono- 
mie, Wissenschaftsorganisation, Psychologie 
des wissenschaftlichen Schaffens usw.). Die 
Wichtigkeit dieser Richtungen ist unbest- 
reitbar, sie erfassen aber die Wissenschaft 
nicht als eine komplexe Erscheinung, 
sondern behandeln verschiedene Seiten der 
Wissenschaft oder der Forschungstätigkeit. 


Dabei ist es klar, dass die theoretische 
Wissenschaftswissenschaft nicht als eine 
Summation der Resultate verschiedener 
Disziplinen, sondern als ein komplexes 
interdisziplinäres Gebiet existieren muss. 
Das Systemdenken erweist sich als eine 
Methodologie für die Bildung eben eines 
solchen Forschungsgegenstandes. Das lässt 
annehmen, dass sich die Resultate der Aus- 
arbeitung allgemeiner theoretischer Aspekte 
der Systemforschung sowie der allgemeinen 
Systemtheorie auch in ihrer Anwendung auf 
die Erforschung der Wissenschaft als Sys- 
tems effektiv erweisen kônnen. 

Nach dem gegenwärtigen Stand der System- 
forschung kann man folgende Wege ihrer 
Anwendung in der Wissenschaftswissenschaft 
vorschlagen: 

a. Anwendung der Ideen und Grundsätze des 
Systemdenkens bei der Ausarbeïtung der 
methodologischen Probleme der Wissen- 
schaftswissenschaft (vergleichendes 
Studium und methodologische Einschätz- 
ung von verschiedenen Konzeptionen der 
Wissenschaftswissenschaft, Aufbau 
eines Systems von Forschungsmethoden 
der Wissenschaftswissenschaft, Studium 
der methodologischen Probleme der 
interdiskiplinären Forschung usw.). 

b. Anwendung der Methoden und der Proze- 
duren der Systemanalyse in der Organi- 
sation der Wissenschaft. Es ist dabei 
zu bemerken, dass sich die Leitung der 
Wissenschaft wesentlich von der 
Leitung der Industrie oder eïnes 
Betriebes unterscheidet. Wenn die 
Wissenschaft von der Seite ihres Pro- 
duktes als Massiv des Wissens betrach- 
tet wird, dann kann die Frage ihrer 
Leitung im Sinne der Intensivierung 
des Wissenschaftsprozesses nicht posi- 
tiv gelôst werden; das ist in der 
Literatur gezeigt. Dabei wird bei der 
für diese Interpretation typischen 
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‘informationellen' Betrachtung der 
Wissenschaft nur ein Typ von Zusammen- 
hängen, nämlich die informationellen 
Zusammenhänge behandelt. Das schliesst « 
die Darstellung der Wissenschaft als 
ein System praktisch aus, denn ein 
System wird durch verschiedene Typen 
von Zusammenhängen gekennzeichnet. 
Deshalb fordert die Systemmodellierung 
der Wissenschaft als eines Objektes 
der Leitung ein anderes Herangehen und 
kann jetzt nur als ein offenes Problem 
betrachtet werden. 

c. Aufbau der mathematischen, physikal- 
ischen, kybernetischen u.a. Modelle 
der Wissenschaft. 


9. 
Wenn wir das Gesagte zusammenfassen, so 
muss betont werden, dass die methodolo- 
gische Funktion die Hauptfunktion des Sys- 
temdenkens bildet. Die im Systemdenken auf 
erkenntnistheoretischen Grundlage formu- 
lierten Grundsätze werden in verschiedener 
Form auf den konkreten Gebieten der Wissen- 
schaft sowie bei der Erforschung der 
Wissenschaft als einer Ganzheit verwendet. 
Die Resultate dieser Anwendung dienen 
ihrerseits den Zielen der weiteren Ausar- 
beitung des Systemdenkens als einer umfas- 
senden Methodologie der Systemforschung. 
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The problem of predictability of scientific development 
The predictability of the future course of 


scientific development is contested today 


on the grounds that the growth of science 
is neither a fully rational process, nor 

do we have any knowledge of nature inde- 
pendently of science for use as a standard 
in comparing successive scientific 
theories, Popper emphasizes the unavail- 
ability of objective truth but believes in 
the logic of scientific development. Kuhn 
contests both the availability of objective 
truth and, the rationality of scientific 
progress. Lakatos softens the Popperian 
logic of testability by showing that no 
single observation or lower-level hypo- 
thesis ever falsifies a theory. Feyerabend 
deepens Kuhn's irrationalistic relativism 
by denying that scientific development even 
lets itself be categorized into "normal! 
and 'extraordinary' phases of development. 
Phenomenologically oriented philosophers 
search for the explanation of scientific 
development in the heuristic structure of 
science resulting upon the intentionality 
of scientists vis-a-vis their objects of 
investigation. In the process of contempor- 
ary theorizing, nature as criterion of 
science recedes increasingly further into 
the background, and logic and reason are 
pressed into progressively more restricted 
corners. 

Contemporary Marxist philosophers of 
science, on the other hand, affirm their 
belief in the rational and discoverable 
laws which guide the progress of science. 
Kedrov suggests that there are genuine 
laws of scientific development although we 
are not yet in possession of them. These 
laws are not simply laws of nature but are 
specific to science itself. One such law 
is that science progresses over three 
stages: an empirical stage, in which infor- 
mation concerning the HOW of processes is 
gathered; a theoretical stage of interpre- 
tation aimed at learning WHY concrete pro- 
cesses evolve along specific lines; and a 
prognostic stage where the prediction of 
future events becomes possible. In the 


theory Of science =var-tscience of "science! 
— the highest stage is that in which valid 
predictions of the future growth of science 
are offered [1]. 

The desirability of predicting the future 
course of science is evident. But on what 
grounds can such predictions be produced? 
Marxists take an essentially realist posi- 
tion and can speak of the accumulation of 
objective knowledge in the history of 
human praxis. Non-Marxist thinkers do not 
believe themselves possessed of absolutely 
true knowledge concerning the nature of 
reality. They seek therefore to exhibit, 
the past history of science as a process 
somewhat analogous to biological evolution 
in the classical Darwinian view. Conscious 
rationality is not called upon in the 
explanation of the evolution of species 
and yet such evolution discloses recogniz- 
able patterns. If the choice among alterna- 
tive, and perhaps incommensurable, theories 
whereby science evolves is not based on 
conscious rationality, it can nevertheless 
disclose regularities similar to those of 
biological evolution. It is not necessary 
that scientists should be in possession of 
the truth about reality to evaluate their 
theories, nor is it needed that they base 
their choices on logical reasons, It is 
enough that alternative theories be produ- 
ced by them, and that they select from them 
those that 'survive'. But, although such 
evolutionary models can explain why science 
progressed the way it did in the past, they 
cannot predict how science will progress in 
thetfuture. The failure /is"intrinsice torthe 
Darwinian evolutionary model itself. 


The failure of classical evolutionary models 

Holton writes concerning ‘mutations! in 

science: 
inbthefcase cfrbiological species. 20: 
the process of mutation is made possible 
by various chemical and physical influ- 
ences on the genes, and on chromosome 
partition and recombination; in science, 
mutations are assured by its essential 
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freedom and by the boundless curiosity 

of the human mind...." 

Natural selection takes place in science 
no less than in biology: 

"The survival of a variant under the most 

diverse and adverse conditions is mirror- 

ed in science by the survival of those 
discoveries and concepts that find use- 
fulness in the greatest variety of 
further applications — of those conceptu- 
al schemes that withstand the constant 

check against experience.'!' [2] 

A wide variety of otherwise dissimilar 
points of view converge under the concept 
of classical evolution theory. Popper 
agrees that the concept of natural select- 
ion is applicable to the growth of science. 
The aïm of scientific method is ''to select 
the one (theory) which is by comparison the 
fittest, by exposing them all to the 
fiercest struggle for survival''. "We choose 
the theory which best holds its own in 
competition with other theories; the one 
which, by natural selection, proves itself 
the fittest to survive.'' [3] Popper's con- 
cept of ''conjectures'' offers a close paral- 
lel to the process of mutation. Conjectures 
are relatively ‘'blind'' — Popper speaks of 
them as ‘''guesses'!, ''anticipations, rash and 
premature'!' and even as f''prejudices'', The 
test of a theory is not the meaningfulness 
of the conjectures, but the degree to which 
they can be corroborated, This makes the 
growth of science a quasi-biological pro- 
cess of relatively random variation and 
fierce competitive selection, 

Kuhn likewise subscribes to the classical 
biological model in general terms. He 
describes ‘verification! as ‘natural selec- 
tion: it picks out the most viable among 
the actual alternatives in a particular 
historical situation'' [4], Selection is 
undertaken by a sociological community of 
scientists with predominant shared values 
and standards. Some of these are widely 
shared, such as accuracy of prediction, 
the balance between esoteric and everyday 
subject matter, and the number of different 
problems solved [5]. Through the applica- 
tion of values of this kind, members of 
scientific communities pick out the mutants 
which they prefer and adopt them as their 
new framework for experimentation and 
exploration. Successive frameworks may be 
incommensurable and be chosen not by a 
comparison (which is logically impossible) 
but by reference to preferences dictated 
by the dominant values, 

Toulmin criticizes Kuhn for exaggerating 
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the discontinuities in science and proposes 
instead to treat revolutions as units of 
variation in the development of science. 
Thus the question "How do revolutions 
occur in science?! has to be reformulated 
as two distinct groups of questions. l'On 
the one hand we must ask, "What factors 
determine the number and nature of theore- 
tical variants proposed for consideration 
in a particular science during a period?! 
— the counterpart, in biological evolution, 
to the genetical question about the origin 
of mutant forms. On the other hand we must 
ask, ‘What factors and considerations 
determine which intellectual variants win 
acceptance, to become established in the 
body of ideas which serves as the starting- 
point for the next round of variations?! — 
the counterpart to biological questions 
about selection.'' [6] 

The above cluster of theories constitutes 
samples of contemporary attempts to fit 
the past development of science into a 
theoretical framework without calling upon 
either rationality as a motive force of 
the process, or on nature as its yardstick. 
The failure of the theories lies in their 
inability to predict future developments 
in the sciences, This is a failure ofstne 
model itself: classical Darwinian theory 
is intrinsically incapable of generating 
predictions concerning the future course 
of the processes it explains. Statistical 
laws based on this theory cannot predict 
the actual occurrence of mutation, select- 
ion, or of any given factor in the 
developmental process relative to specific 
points in space and time. The occurrence 
of mutations is not subject to any laws 
formulated in the theory, and the coinci- 
dence of the chance mutations with environ- 
mental factors, which confer selective 
value on the mutants, is free from dis- 
coverable correlations, Mutations are | 
entirely random with respect to natural | 
selection, and the dynamics of the environ- 
mental factors which select for the fittest 
mutants are random with respect to the 
occurrence of the mutations. Since all 
relevant factors are randomly coordinated, 
the course of evolution in any particular 
case is governed by chance. Although causal 
explanations of past events can be given, 
extrapolations to future events are blocked 
by the structure of the theory. 

However, at least two basic considera- 
tions are overlooked in the application of 
classical Darwinian theory to the process 
of scientific development. 


One consideration comes from within 
biology itself: advanced theoreticians 
question the adequacy of Darwinian theory 
and are gradually replacing it with some 
form of organismic or systems theory. The 
clash of the classical and new viewpoints 
comes clearly to the fore in Dobzhansky's 
review of Monod's Chance and Necessity [7]. 
Dobzhansky, a pioneer of the organismic 
viewpoint, disagrees with Monod's conclu- 
sion that evolution is the. result of pure 
chance — a conclusion reached on the basis 
of the mechanistic-materialistic philosophy 


still shared by many members of the present 


establishment in biology. In Dobzhansky's 
words, ‘Mutation and recombination link 
with natural selection to form a cybernetic 
system that maintains or enhances the 


_ internal teleology, that is, the harmony 


between a living species and its environ- 
ments''. Neither mankind nor any biological 
species evolved by pure chance, although 
from this it does not follow that they were 
the result of predetermination in nature. 
But the concepts ‘chance! and 'necessity! 
are not applicable concepts in biological 
evolution: they fuse into what Dobzhansky 
calls a ‘unique creative system'' based on 
the systematic relatedness of ‘blind! 
mutation with recombination and natural 
selection in a self-directed (but not pre- 
determined) evolving system. 

The second factor overlooked in the 
application of classical evolutionary 
theory to scientific development is that 
developmental factors in science are 
neither random, nor unconnected. Even more 
clearly than in the still contested domain 
of biological evolution, scientific evolu- 
tion is not the domain of pure chance 
resulting from the operation of random 
processes. Mutations themselves may be 
blind with respect to the needs of the 
species on which they operate, but theory 
innovations in science are not blind in 
regard to the needs of the science wherein 
they are proposed. To call such innovations 
‘random! is to exaggerate beyond bounds 
what Holton calls science's ''essential 
freedom and.... the boundless curiosity of 
the human mind''. If theory innovation was 
due to such factors, the development of 
science would be as unpredictable and 
chance-governed as Monod's view of biologi- 
cal evolution. However, while curiosity 
has its place in scientific research and 
some breakthroughs have been due to 
‘serendipity' (e.g. the discovery of X-rays 
and of the photoelectric effect), on the 


whole innovations have not been disconnect- 
ed from the problems and accomplishments 

of pre-existing theories. The latter define 
both the problems and the likely solutions, 
and it is the breakdown of such solutions 
that brings forth attempts at theory inno- 
vation. Thus, unlike in biological evolu- 
tion, there is a relatively diréct causal 
interaction between the field of theory 
testing and specification, and the process 
of changing the theories themselves, 

The reason for the close coupling of 
‘selection! and "mutation! in science is 
not hard to find, although it has been 
ignored by most investigators. In organic 
evolution it is the genotype that mutates 
while the phenotype is exposed to natural 
selection and the genotypic and phenotypic 
space is interconnected by a complex trans- 
mission field which Waddington calls the 
Mepigenetic landscape'', However, in science 
it is the theoretical structure which 
‘mutates', and it is likewise the theoreti- 
cal structure which is exposed to "natural 
selection! in the form of testing, specifi- 
cation, and criticism. Hence selection 
pressures are exerted directly on the 
source of the mutations. This changes the 
mechanism of scientific development from a 
direct parallel to biological evolution: 
it eliminates the possibility that theory- 
innovation (the scientific equivalent of 
mutation) is ‘blind' or ‘random! with 
respect to theory testing. Of course, the 
organismic view of evolution acknowledges 
that mutation and selection are not 
entirely disconnected even in biological 
evolution. Every population of organisms 
has to solve the problem of maintaining 
an information store which is sufficiently 
unreactive to be reliable, and yet remains 
responsive to changes in environmental con- 
ditions. The biological solution is to 
endow the genetic material with a residual 
activity that is independent from selection 
pressures. Thus the genotype can constantly 
bring forth new mutations which are tested 
on the phenotype. This, as biologists 
point out, is a most efficient mechanism 
for ensuring adaptability coupled with 
continuity in species. In science the link 
between the source and the testing of 
mutations is much closer. Science solves 
the problem of continuity coupled with 
adaptability by combining what Feyerabend 
calls the ‘'principle of tenacity'' with the 
"principle of proliferation'' [8]. Establi- 
shed theories are defended even in the 
face of adverse criticism, but alternative 
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theories are at the same time produced by 
other members of the community. The pro- 
cesses of theory-proliferation and theory- 
adherence are closely linked. There is a 
direct interaction between the tenacious 
champions of dominant theories and the 
audacious proliferators of alternatives. 
The causal interaction is by no means 
simple, but it is clearly different from 
the dynamics of biological evolution as 
conceived in classical Darwinian theory. 


A general systems model of science 


General systems models achieve increasing 
importance in contemporary biology and are 
likewise applied to analogous processes of 
development in economics, psychology, 
sociology, international relations, anthra- 
pology, and philosophy. Such models con- 
ceive of their subject matter as constitu- 
ted by complex open systems interacting 
with their environment. Their applicability 
to the phenomena of scientific development 
has not been exhaustively investigated 
although some beginnings have already been 
made [9]. 

The evolutionary hypothesis outlined 
here constitutes another attempt to use 
general systems models to explain and pre- 
dict the over-all dynamics of scientific 
growth. Models of this kind conceive of 
growth as the interaction of system and 
environment, determined by potentials 
inherent in the system and actualized to 
various degrees by inputs from its environ- 
ment. Hence if the principal factors con- 
trolling the systems parameters and their 
reactivity to environmental inputs are 
known, systems models can not only explain 
the past patterns of development of the 
system ex post facto, but predict the 
general characteristics of its future 
states. The intrinsic limitations of the 
classical Darwinian model do not apply to 
general systems models, 

At first glance the notion of science as 
a system seems far fetched. It may arouse 
the suspicion that here is another area in 
which phenomena are forced into the Pro- 
crustean bed of systems analysis. On 
reflection, however, systems models of 
science are no more (and no less) arbitrary 
than organismic theories in biology, func- 
tionalism in sociology, personaltiy system 
theory in psychology, and systems models 
of a wide range of economic, societal, and 


cultural phenomena. Systems models are high- 


level general theories to be tested by 
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their deduced consequences, and their 
validity is determined by the precision 
with which they account for phenomena, 
past, present, and future. Their intrinsic 
elegance, as highly integrated general 
frameworks, recommends them for serious 


consideration. If they surpass other, non- 


systems theories, applied to the same set 
of phenomena in empirical adequacy, no 
further warrant is required for embracing 
them, at least until such a time as a more 
general, or empirically more adequate, 
theory appears on the scene. 

We first choose a general systems model 
for consideration, and then interpret it 
specifically for science. 


Premises of the systems model 
The model we choose is that of a self- 
organizing system. Such systems are neces- 
sarily open since they require a means to 
import negentropy (or information) to off- 
set the statistically irreversible tendency 
of closed systems to maximize disorder (in 
the thermodynamic sense). Self-organizing 
systems in the physical world process 
energy and counteract the second law of 
thermodynamics in locally reversing the 
increase of entropy. Non-physical self- 
organizing systems (such as systems of 
personality, cognition, culture and, inter 
alia, science) process, store, and retrieve 
information, rather than energy. In such 
systems the quantity that increases over 
time is information, measured in 'bits!,. 
Conséequently we say that states of pro- 
gressive self-organization correlate with 
the negative of entropy in energy process- 
ing systems, and information content in 
information-processing ones. In either 
case, disorder in the system is governed 
by the dissipation function ÿ. ÿ may be 
positive, negative, or zero. If ÿ is zero, 
the system is in a stationary state. "If 7e 
is positive (y>0), the system is progres- 
sively disorganized, And if Ÿ is negative 
[y <0 = (d 2nfo/dt) > 0], the system actual- 
ly gathers information (or negentropy). 
Physical energy-processing systems can 
organize by ‘'importing negentropy'' (Schro- 
dinger) from their environment according 
to the Prigogine equation 
ds = d$,+dS; , (1) 
where dS; denotes entropy change through 
the input and dS, entropy change due to 
irreversible processes within the system. 
Whereas d$, is always positive, dS}; may be 
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positive as well as negative. (The latter 
case does not violate the statistical deri- 


vation of the Second Law since any decrease 


. of entropy within an open system is always 
compensated for by an increase of entropy 
in its surroundings, with the net change 
of entropy having a positive value.) Infor- 


mation-processing systems must dispose over 


an analogous mechanism, whereby informa- 
tion-inputs are gathered, stored, and used 
to increase the total information content 
of the system. The equivalence of the 
negative of entropy and a quantitative 
measure of information is merely formal, 
and it is not clear whether an increase of 
information within such a system (which is 
not a physical energy-processing one) must 
correlate with a decrease of information 
in its surroundings measurable as an 
increase of entropy. Nevertheless, since 
our concern is not to build science as an 
open information-processing system into 
the physical universe but to explore 
whether géneral systems models of complex 
open systems can explain and predict the 
characteristics of its development, we 
note the isomorphy of the physical energy- 
processing and non-physical information- 
processing systems in the above respects 
and proceed with the specification of our 
model, 

Ashby describes self-organizing systems 
as machines coupled to another machine. 
The variable which forces changes in the 
organization of the machine cannot be 
ascribed to any cause within the organiza- 
tion itself but must come from some outside 
agent, acting on the system as input [10]. 
Couplings between systems ('machines') can 
be viewed from the perspective of a total 
dynamic system in which the systems are 
components. The coupling between subsystems 
can then be exhibited as resulting in the 
self-organization of some of the subsystems 
as a consequence of the processes of equi- 
libration of the whole system. Some sub- 
systems can even develop phenomena of life 
and intelligence. 

Take a dynamic system whose laws are 
unchanging and single-valued, and whose 
size is so large that after it has gone to 
an equilibrium that involves only a small 
fraction of its total states, this small 
fraction is still large enough to allow 


room for a good deal of change and behavior. 


Let it go on for a long enough time to get 
to such an equilibrium. Then examine the 
equilibrium in detail. You will find that 
the states or forms now in being are 


peculiarly able to survive against the 
change induced by the laws. Split the 
equilibrium in two, call one part 'organism' 
and the other part 'environment': you will 
find that this 'organism' is peculiarly 
able to survive against the disturbance 
from this ‘environment, 

Hence, Ashby concludes, ‘'every isolated 
determinate system will develop organisms 
that are adapted to their environments'"'... 
“in any isolated system, life and intelli- 
gence inevitably develop'' [11] 

Focus on the strategic level of the 
whole system, within which the systems 
which interest us are subsystems, is 
extraordinarily fertile. Bronowski can out- 
line the processes of evolution in their 
most general form in these terms, and 
account for the local reversal of entropy 
in the self-organizing systems. 

"The Second Law describes the statistics 

of a system around equilibrium whose con- 

figurations are all equal, and it makes 
the obvious remark that chance can only 
make such a system fluctuate around its 
average. There are no stable states in 
such a system, and there is therefore no 
stratum that can establish itself; the 
system stays around its average only by 

a principle of indifference, because 

numerically the most configurations are 

bunched around the average. 

But if there are hidden relations in 
the system on the way to equilibrium 
which cause some configurations to be 
stable, the statistics are changed. The 
preferred configurations may be unimagin- 
ably rare; nevertheless, they present 
another level around which the system 
can bunch, and there is now a counter- 
current or tug-of-war within the system 
between this level and the average. 

Since the average has no inherent stabi- 

lity, the preferred stable configuration 

will capture members of the system often 
enough to change the distribution; and, 
in the end, the system will be establi- 
shed at this level as a new average. In 
this way, local systems of a fair size 
can climb up from one level of stability 
to the next, even though the configura- 
tion at the higher level is rare. When 
the higher level becomes the new average, 
the climb is repeated to the next higher 
level of stability; and so on up the 
ladder of strata. 

So, contrary to what is usually said, 
the Second Law of Thermodynamics does 
not fix an arrow in time by its statist- 
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ics alone. Some empirical condition must 
be added to it before it can describe 
time (or anything else) in the real 
world, where our view is finite. 

When there are hidden strata of stabi- 
lity, one above the other, as there are 
in our universe, it follows that the 
direction of time is given by the evolu- 
tionary process that climbs them one by 
one..... What evolution does is to give 
the arrow of time a barb which stops it 
from running backward; and once it has 
this barb, the chance play of errors 
will take it forward of itself." [12] 


The model of the general system we choose 
for consideration can be restated as fol- 
lows. We take a closed system which is 
sufficiently complex and large to pass 
through a series of intermediary states on 
its way to equilibrium. Allow that some of 
the intermediary states have more stability 
than others, i.e. can be maintained as 
quasi-stationary states for a relatively 
extended period of time, Cut the system in 
two, and call one part 'open system' and 
the rest 'environment'. You will find that 
the open system organizes itself through a 
series of equilibrium states to states 
where it is able to resist disturbance 
from its environment. As the closed system 
goes to equilibrium, its open system compo- 
nent becomes fully adapted to its environ- 
ment. 


Interpretation of the model for science 


We conceive of the observable and inferable 
universe as ‘environment! and of the know- 
ledge systems and values of scientific 
communities as ‘open systems'. We call the 
former ‘'nature' and the latter ‘science! 
for short. If we allow the closed system 
(naturetscience) to progress toward equi- 
librium, we find that science becomes pro- 
gressively more resistant to disturbance 
from nature. The ‘ideal! or ‘perfect! 
science would be fully adapted to nature, 
i.e. it could explain and predict all 
empirical inputs. 

Next we allow that science is endowed 
with subsidiary equilibria, represented 
by organizations of constructs ('theories!') 
which are relatively impervious to dis- 
turbance from nature. The strata of equi- 
libria are not uniquely determined by 
resistance to disturbance by nature but 
are co-determined by the ideals of science 
held by the investigators. Thus inputs 
from nature impact on a state of science 
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which is governed by internal constraints. 
The match or mis-match of the empirical 
input with the internally constrained 
existing theory results either in the con- 
firmation of the theory, or its disconfirm- 
ation. In the latter event science organi-. 
ses itself to the next state of possible 
equilibrium, given by a kind of theory 
which can absorb the disturbing empirical 
input and still correspond to the ideals 
of science of the investigators. 


maintained or 


empirical SxISTINS RE 
input theory equilibrium 
ideals of 
science (1) 


The ‘ideals of science" which specify 
the ‘equilibrium states of science" conson- 
antly with the theory's compatibility with 
nature can be defined in reference to in- 
variant values possessed by the scientific 
community. Two basic values are chosen here 
as determinant: empirical adequacy (4), and 
integrative generality (G). Empirical ade- 
quacy is a measure of the number of facts 
accounted for by the science, and the 
precision, detail, and predictive power 
whereby it provides its account. It corres- 
ponds roughly to Popper's concept of a 
theory's verisimilitude, without drawing 
on his concept of truth. It also corres- 
ponds to Kuhn's notion of puzzle-solving 
ability when the number of puzzles and the 
precision of their solution is taken into 
account rather than the elegance, consist- 
ency, or generality of the conceptual tools 
whereby the solutions are proposed. Inte- 
grative generality (G) is a measure of the 
internal consistency, elegance and "'neat- 
ness!' of the explanatory framework. It is 
determinable in reference to the number of 
separate assumptions made in a theory con- 
cerning its subject matter. Generality 
increases proportionately to the range of 
application of the basic existential 
assumptions and hypotheses, The smaller 
the number of such hypotheses in relation 
to a constant number of facts explained, 
the higher the generality of the theory. 
A balance between the two factors, (E), 
represents a state of theory where the 
optimum precision is reached with regard 
to the largest number of facts by deduction 


from the smallest number of existential 
assumptions. Two scientific theories, £] 
and &, can be compared in regard to the 
degree to which they satisfy (A/G)Ë by 
determining the number of facts taken into 
account, the precision of the accounting, 
and the economy whereby it is produced. A 
scientific theory can be compared to an 
extra-scientific one by determining that 
the scientific theory, t, satisfies the 
criteria of balanced adequacy and generali- 
ty whereas the extra-scientific theory, t', 
: does not. The latter may, for example, 
account for all the facts with a degree of 
empirical adequacy comparable to &, but 
does so by means of a multiplicity of ad 
hoc assumptions, some of which may be 
redundant and others mutually incompatible. 
We are then dealing with some practical 
application of a set of rules, such as one 
finds in surveying, some forms of engineer- 
ing, practical politics, and even organized 
crime [13]. We call these instances of 
‘praxiology'. It may also be that £' is 
internally consistent, elegant, and econo- 
mical, satisfies the criterion of integra- 
tive generality, but fails to account for 
the facts with precision and in detail, or 
leaves some facts unaccounted for. Such 
theories do not stand up to the severest 
tests one can design for them, or simply 
offer no grounds for testing in some 
respects. Examples of such theories include 
metaphysical theories of human nature, 
philosophical cosmologies, vague but per- 
haps persuasive forms of explanation in 

the social and behavioral sciences, and 
similar systems of thought. Collectively 
we denote them as comprising the field of 
Imetaphysics'. 

Theories t, and t, are both within 
science proper, and they may turn out to 
be mutually incompatible, i.e. explain the 
same facts by deduction from non inter- 
convertible axioms, Science is said to 
reject £1 and opt for t: if the scientific 
community perceives t, as violating the 
balanced adequacy/generality ratio whereas 
t) is perceived as satisfying it. The sub- 
jective factor is accounted for by intro- 
ducing the concept of a threshold of equi- 
librium, dependent on the degree of open- 
mindedness of the scientific community 
With regard to their accepted theories. 

The more critically a scientific community 
examines its theories,-the smaller the 
threshold of its perceived equilibrium. 
Since the prevalence of criticism is also 
a function of the availability of alterna- 


tives to the existing theories, the thresh- 
old in question likewise correlates with 
the level of innovation current in a 
discipline. 

Acceptance of a theory t1 as valid sig- 
nifies that (A/G)E functions homeostatical- 
ly. Experiment and observation provide 
generally corroborative evidence for the 
theory, and the latter is becoming progres- 
sively established in the process. This 
phase is typical of early periods following 
theory innovation, when a powerful theory 
has become available for exploration and 
seems to offer unlimited applications to 
the problems that beset the field. Under 
such conditions the perceived threshold of 
equilibrium is comparatively high, as 
minor disconfirmations are dismissed or 
explaïined away. The science in this phase 
is comparatively 'unreactive' and performs 
negative-feedback operations typical of 
morphostasis. Hereby it ensures the trans- 
mission of tradition and permits the 
piecemeal exploration of a conceptual 
scheme which gives the field its esoteric 
character and consistent search for detail. 
The damping mechanisms of normal science 
have upper thresholds, however, beyond 
which disconfirming evidence is perceived 
as such, and the theory itself, and not 
only its application, is questioned. When 
this phase is initiated, morphostatic 
activity gives way to the processes of 
morphogenesis: the field reorganizes itself 
to deal with the accruing problems. When 
reorganization is achieved, we get a theory 
t) which is perceived as lying within the 
threshold of (4/G)E: a new equilibrium 
state has been achieved. Whereas in normal 
science (4/G)Ë functions homeostatically, 
in crisis the same set of criteria function 
to amplify deviation between the anomalous 
theory 1 and some new (to be discovered) 
non-anomalous theory £,. The latter is the 
basis for a new phase of negative-feedback 
normal-science activity in the next phase 
of the field's development. 

(We need not conceive of the deviation 
reducing and deviating amplifying phases 
as temporally distinct and mutually exclu- 
sive. Rather, these are characteristics of 
trends within a given science which coexist 
at all times, but of which the one or the 
other gains prominence, due to the propor- 
tion of scientists engaging in them, the 
amount of attention paid to them, and so 
on.) 

In this interpretation we conceive of 
science as an open system with ‘hidden 
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strata of stability'' (Bronowski). The 
strata are introduced by the presence of 
internal constraints in the form of 
invariant ideals of science. Empirical 
inputs to these represent 'forcings' which 
make science settle into the equilibrium 
position most consistent with the input. 
(See Waddington's allegorical illustration: 
"MA puppy going to sleep on a stony beach — 
a ‘joggle-fit', the puppy wriggles some 
stones out of the way, and curves himself 
in between those too heavy to shift — that 
is the operational method of science (and 
of the evolution of biological systems)" 
[14]. It is not the case, however, that 
science in its history exploits all pos- 
sible strata of stability. To do so, obser- 
vational anomalies would immediately have 
to result in adjustment of theory to opti- 
mum fit. Scientific development, while not 
entirely continuous, would not exhibit the 
revolutionary shifts which characterize 
its real history. Additional discontinu- 
ities are introduced by two principal 
factors: 

i The insensitivity (unreactivity) of 
normal research to anomalies. 

ii The chance factor which leads to the 
discovery of some of a possibly large 
number of new theories or subsidiary 
concepts which satisfy the dominant 
ideals of science. 

If thresholds of reactivity in normal 
science were eliminated, and scientists 
would systematically scan all possible 
constructs capable of satisfying the inter- 
nal constraints (ideals) of their science 
in view of the observed facts, the develop- 
ment of science would appear almost conti- 
nuous: it would progress by small shifts 
rather than striking quantum leaps. 
However, such progression would call for a 
magnitude of search-capacity on the one 
hand, and a degree of openness to innova- 
tion on the other, which exceed the real 
potentials of scientific communities. 

Hence such communities will discover some, 
but not all, strata of stability, and they 
will hold on to the attained states until 
an arbitrarily high threshold is crossed 
and crisis sets in. 

Science's amplification of developmental 
discontinuities reflects the difference 
between a system with limited resources 
and one with infinite capabilities. Only 
the latter could climb the strata of 
stability one by one. The former will hit 
on some strata to the exclusion of others, 
and will remain at that level until dis- 
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equilibrium overcomes resistance, and 
external forcings give the impetus for the 
search for a new stratum. The dynamics of 
this process applies to the evolution of 
complex open systems in the biological 
realm as well, but the specific connection 
of selection and innovation (mutation and 
environment) in science introduces more 
determinancy into the process than we find 
in the relatively disjoined causal dynamics 
of biological evolution, The total elimina- 
tion of 'noise' factors could only be . 
achieved by a system with infinite resour- 
ces: such a system would immediately settle 
into the optimum state of equilibrium upon 
any disturbance from its environment. 
Science settles into such states with a 
good deal of indeterminacy, yet with less 
random noise factors than biological 
species. These three types of systems form 
a graded continuum in regard to degrees of 
determinacy: the system with. infinite 
capacities is fully determinate; the system 
of science is considerably less so, and the 
system of biological populations manifests 
the largest element of indeterminacy. 


Formalization of the model 


We subdivide ‘input from nature' into cor- 
roborative and anomalous inputs (evidence 
for or against theory): f; or fi. We 
define an organization of constructs that 
falls within the range of (4/G)E as an 
equilibrium state of science: FE. The level 
of such states with respect to the set of 
all possible scientific theories of the 
empirical world that satisfy (4/G)E is 
given by L,. Hence any given acceptable 
scientific theory, measured against all 
theories which have been accepted, will be 
or could be accepted, is defined by a state 
css equilibrium of science of a given level: 
Le 

"Now we endow the controls which define 
E, i.e. (4/G)Ë, with a range of tolerance. 
Ideally, (4/G)È is single valued, represent 
ing just one organization of constructs 
that constitutes an equilibrium, given the 
kinds of facts taken into account in the 
field. But such ‘'ultrareactivity!'-an 
science would fail to offer the measure of 
stability required to develop theories even 
when they are beset by difficulties 
(Feyerabend's ''principle of tenacity"). 
Hence the controls which determine what 
organization of constructs are perceived 
as valid theories must have thresholds of 
error tolerance. This threshold is deter- 
mined by the mutual relationship of two 


Pr inPipal factors: r, the factor of resist- 
ance to theory-innovation due to textbook 
indoctrination with a reigning paradigm 
(resulting in a failure to perceive 
anomalous data; its interpretation by ad 
hoc auxiliary hypotheses; or its suppres- 
sion as a temporarily insoluble problem), 
and g, the genius for Einfall through which 
theory innovations are suggested and alter- 
natives to the reigning paradigm become 
available. Actual thresholds of tolerance 
are a function of these two factors, Since 
without some theory to give meaning to 


data and direct attention in observation 


and theory formulation there is no science, 
science always functions within the context 
of some conceptual framework and will 
always manifest some degree of attachment 


| to it. The limiting cases are the follow- 


ing. Let r attain some absolute value — it 
then prevents g from manifesting itself, 
and we have ir go. Conversely let g reach 
some maximum value, it then offers viable 
alternatives to every attempt at saving 
the existing framework in the face of 
anomaly, and we have r0, g . Between these 
extremes, the two factors are inversely 
related, r/g. The actual range of tolerance 
of (4/G)E is thus r/g = h. Within this 
range, nature reinforces equilibrated 
theory on its existing level of organiza- 
tion, Dee . Beyond this range, nature 


violates the equilibrium of existing theory 
and produces an impetus for evolving toward 
theory on any of the successive levels of 
potential equilibrium: E- à 
. - nn . . 
Self-reinforcing (normal science) scien- 


tific development can now be described as 
POLID 
ad (4/G) TUE Me (3) 


Whereas deviation-amplifying (extraordinary 
science) developments are described as 
nr RSA ) 


Ly Lan 


(4) 


Since whether any f is f; or f; is a func- 
tion of À (an empirical datum within the 
threshold of tolerance is actually or 
potentially corroborative, and beyond it 
anomalous), we can rewrite Eqs (3) and (4) 
as 


tué (4/G) 


Den Go "É-E D) (© 


and 


NE Re 4/0) EEE Œr — Er ) 
n nn 


(6) 


The dynamics of theory reinforcement and 
theory deviation can be more accurately 
represented in information flow charts. We 
first represent the negative feedback pro- 
cess of theory reinforcement,. 


territory I 


observations operations 
x 


theory Eln 


controlling ideals 
(AIG)Elimh 


The chart can be paraphrased as follows. 
The territory of an empirical science is 
some selected aspect (or slice) of "nature", 
i.e. of the totality of observables, Of 
this territory certain observations are 
made, and these observations are checked 
against accepted theory. If observations 
match the predictions flowing out of the 
theory, the territory is seen as the realm 
of entities described in the theories (or, 
more exactly, it is seen that the theoreti- 
calrentities arevinstantiated, in specific 
transformations). In (7) we assume this 
eventuality. Consequently the value of the 
observations will be generally corrobora- 
tive: it will fall below the threshold of 
tolerance of disturbation for the theory. 
An exact match between predictions and 
observations (or nature and theory) is an 
idealization: under concrete conditions 
there will always be some deviation. These 
can be dealt with within the limits of the 
theory in several ways. If the deviation 
is due to the intrinsic uncertainty of 
measurement, the theory's predictions will 
include a probability distribution of 
measured values, or predict a single value 
with a normal error curve, If the deviation 
goes beyond the thus permitted values, but 
remains below the tolerance threshold of 
the controlling ideals of science (as seen 
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through the eyes of the given scientific 
community), it 

i may not be acknowledged, i.e. branded 
as irrelevant or simply ignored as 
observers concentrate on the more 
normal elements of their data, 

ii may be put aside as a problem to be 
solved when more sophisticated tech 
niques are available for attacking 
LC TOT 

iii may be brought into line by articula- 
ting a further aspect of the theory. 

In the case of (i) and/(11); there 1s. a 
feedback from the controlling ideals 
through the existing theory to the observ- 
ations, effecting a modification of the 
observational field [cf. reversed arrow to 
observations in chart (7)]. 
existing theory is corrected as a function 
of the controlling ideals, and its conse- 
quences are tested by operations on the 
territory. If the consequent observations 
match theory within the predicted range, 
theory articulation has been successful. 
In all the above cases, however, theory 
matches nature sufficiently to satisfy the 
actual ideals of the scientific community; 
hence the circuit of testing and repeated 
matching of observation to theory consti- 
tutes a negative feedback process whereby 
existing theory gains reinforcement. An 
established state of equilibrium is main- 
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| territory 
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invalid 


Me do 
(AIG)Etimh 
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ideals 


tained. 

We now pass to the extraordinary situa- 
tion where observations exceed the toler- 
ance threshold of the controlling ideals 
and theory is disequilibrated: it has to 
be replaced rather than articulated. 

Chart (8) is the information-flow diagram 
of these events. Here observations fail to. 
match predictions based on existing theory 
(on level L,), with the deviation transcen- 
ding the threshold of tolerance of the 
controlling ideals of the community. Con- 
sequently the value of the observations 
for theory ne will be f 2 h. In actual 
fact this means that the observations in 
question can no longer be seen in terms of 
the entities with which theory populates 
the territory; anomalies are recognized 

and demand to be dealt with. Theory Er 
fails to satisfy (4/G)E for the scien-” 
tific community, and a replacement theory 
is being sought. The controls now bias the 
process toward selection of a certain type 
of theory. The alternatives are likewise 
represented in the chart. Alternative (1): 
additions of auxiliary hypotheses to save 
the phenomena' (i.e. keep f within the 
threshold h). Such attempts will be unsuc- 
cessful when they encounter the tolerance 
threshold beyond which A/G becomes unac- 
ceptably high. The phenomena are now 
accounted for, but the internal consistency 


(8) 


1 .(operations) 


nn — — É met 
theory Eth42n 
ous LE metaph. 


theory [theory Em] 


science 


and unity of theory is fragmented (its 
integrative generality is excessively low 
compared with its empirical adequacy). 
Alternative (2): theory of great sweep of 
generality, accounting for all observations 
without exception but using untestable 
assumptions to do so. A/G is now unaccept- 
ably low (we are in the realm of metaphys- 
ics rather than science). Thus the observ- 
ations, though accounted for, still exceed 
the tolerance range of the scientific 
ideals (x). 

There remains a specific kind of theory 
which satisfies the controlling ideals of 
science in view of the actual mapping of 
the field's territory. This kind of theory 
may still form a class with numerous 
members, of which any one can furnish the 
content of the replacement theory. The 
class itself constitutes the 'stratum of 
stability' or 'equilibrium' which demarca- 


tes science from both forms of praxiology 


and metaphysics. When such a theory is hit 
upon, and'when it proves itself in testing, 
it becomes the new paradigmatic theory of 


the given field of science. Theory Er 
nin 
in chart (8) will then function as theory 


Er în chart (7) and another phase of nega- 
n 


tive feedback reinforcing research gets 
under way. 

Because science (according to this model) 
is a complex open system possessing multi- 
ple equilibria (or hidden strata of 
stability) in virtue of the internal con- 
trols which specify, for any given rela- 
Phonshipitonnature, a set of l'preferred' 
states (= organizations of constructs = 
theories) the arrow of time in scientific 
development is given a barb which stops it 
from running backward (Bronowski). Since a 
level of empirical adequacy, once reached, 
cannot be significantly decreased without 
violating the controls, nor can the 
already attained level of generality be 
lowered, the replacement theory can only 
represent a higher level organization of 
the construct systems of science: it can 


not be Er , only E; . Consequently, 
nn nin 


the dynamics of theory choice, articulation, 


and replacement gives a direction of time 
in reference to the developmental process 
whereby science climbs its hidden strata of 
stability with greater or smaller leaps, 
spaced at longer or shorter intervals. 
Chance enters in the varying rate of dis- 
covery of anomalies; in the (r/g)=h 
(anomaly tolerance) factor in given scien- 


tific communities, and in the timing and 
level of the Einfall which constitutes the 
next leap in the progression. Beyond 
chance, however, there is the lawful regu- 
larity that in the course of time science 
maximizes both its empirical adequacy and 
its integrative generality within a 
mutually balanced ratio. This takes the 
accepted theories of science from some 
initial level Ep to an asymptotically 
approached ultimate level Er rte latter 
n 


is signified by the unavailability of 
observations of value f>h, a condition 
which signifies the attainment of the ‘'per- 
fect' theory. 

The progression from level to level can 
be represented, isomorphically with 
quantised processes of self-organization 
in complex open systems in general, as 


dinfo 
= < Œ 
L re dt 


PM DMME CS) 


Within limits of specificity, the over- 
all dynamics of the development of science 
is isomorphic with the dynamics of other 
complex open systems, e.g. biological popu- 
lations. Inasmuch as the variables in 
science are both less complex and more 
determinate than in biological systems, 
models of scientific evolution should prove 
to be easier to construct, and when con- 
structed be more accurately prédictive, 
than models of biological evolution. The 
development of such models merits therefore 
systematic follow-through, both because of 
the intrinsic interest of mapping a process 
of change with precision, and by reason of 
the extrinsic values attaching to a ration- 
al science policy which, equipped with a 
predictive model of scientific development, 
could control the rate of progress in dif- 
ferent domains of research and experiment 
through informed fiscal and administrative 
measures. 
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Prognostik-systemtheoretisch Betrachtet 


E. GEHMACHER 
Institut für empirische Sozialforschung, Wien, Austria 


Langfristige Voraussagen im Sinne der Prog- 


; : durch die betrachteten Aggregate. So 
nostik stellen eine Sonderform wissen- 


behandelt 


schaftlicher Aussage dar. 

Wissenschaftliche Aussagen umfassen 

a) Verschiedene Typen von Variablen 
(Kategorien) und liegen je nach dem 
Charakter dieser Variablen auf einer 
bestimnten Erklärungsebene (innerhalb 
einer wissenschaftlichen Disziplin). 

b) Verschiedene Mengen von Variablen und 
sind danach entweder univariat (im 
strengsten Sinn wird dabei nur die 
Anderung einer einzigen Variablen 
durch eine andere erklärt — in locker- 
em Sprachgebrauch die Verursachung 
eines Phänomens durch wenige Hauptein- 
flusse) oder multivariat: die multi- 
variate Betrachtungsweise zieht die 
Interdependenz vieler Variablen in 


die Neurophysiologie: Gehirn- und 
Nervenfunktionen | 

die Psychologie: Reaktionen von Einzel- 
personen 

die Sozialpsychologie: Relationen von 
kleïinen Personengruppen 

die Soziologie: Relationen von grüszerer 
Personenkreisen 

die Demographie: Entwicklung und Struk- 
turen groszer Bevülkerungs- 
aggregate 

die Ükonomie: die Relationen wirtschaft- 
lichstatistischer Grôszen (die 
mittelbar mit menschlichen 
Verhaltensweisen in Bezug 
stehen) 

Doch gibt es bei der Lôsung eines Prob- 


die Analyse. 
Die einzelnen wissenschaftlichen Erklär- 
ungsebenen unterscheiden sich vor allem 


lems keinen Grund, die Betrachtung auf 
einzelne wissenschaftliche Diziplinen zu 
beschränken. Es künnen zur Gewinnung von 
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Erklärungen und Prognosen wissenschaftliche 
Aussagen uber verschiedenartigste Elemente 
zusammengefaszt werden, je nach Bedarf- und 
Zweckmäszigkeit — sehr oft wird eine solche 
Aggregierung über mehrere Erklärungsebenen 
reichen und die Elemente nach ganz anderer 
Art ordnen. Zur wissenschaftlichen Erklär- 
ung eines Phänomens müssen alle jene Vari- 
ablen herangezogen werden, die Einflusz 
auf das Phänomen nehmen oder in gegenseit- 
iger Interaktion damit in Zusammenhang 
stehen. Wieweit man dabei auf tieferlie- 
gende Erklärungsebenen zurückgreift, wird 
oft davon abhängen, welche Daten und Ex- 
perten zur Verfügung stehen — sollte freil- 
ich eher durch die Überlegung bestimmt 
sein, auf welcher Ebene ein planender oder 
steuernder Eingriff in das System müglich 
ist. 
Es lassen sich somit zwei Gebiete wissen- 
schaftlicher Zielsetzung und damit auch 
wissenschaftlicher Technik unterscheïden: 
1. Die wissenschaftliche Isolierung ein- 
zelner deterministischer Kausalver- 
bindungen (wissenschaftlicher Gesetze 
oder Axiome) — auf klar abgegrenzten 
Erklärungsebenen (Disziplinen). 

2. Die wissenschaftliche Analyse von 
Systemen. 

Für die Analyse von Systemen wird man 
dabei oft auf schon festgestellte wissen- 
schaftliche Gesetzmäszigkeiten zurück- 
greifen, wie man auch in eine umfangreich- 
ere Systemanalyse das vorhandene Wissen um 
klarer abgegrenzte Sub-Systeme eventuell 
aufnehmen kann. Vielfach provoziert aber 
die Systemanalyse erst axiomatische For- 
schung — oder musz sich mit fundierten 
Schätzungen begniügen. 

Prognosen im planerischen Bereich sind 
immer als Systemanalysen mit längerfristi- 
ger Betrachtungsweise zu verstehen. Planung 
ist die Bemühung, durch bewuszte und 
gezielte Veränderung einzelner Variabler 
ein System so zu steuern, dasz bestimmte 
Ziele'erreicht werden. 

Unter prognostischen Methoden sind alle 
jene Techniken zu verstehen, welche die 
spezifischen Schwierigkeiten einer länger- 
fristigen dynamischen Systemanalyse über- 
winden helfen. 

Jedes System besteht aus Ereignissen, 
die miteinander in Beziehung stehen — 
wobei für komplexere Systeme die Relationen 
dieser Ereignisse nur als stochastisch 
korreliert gelten kôünnen. Es ist unmittel- 
bar einsichtig, dasz dabei die Abhängigkeit 
unmittelbar aufeinander folgender Ereig- 
nisse leichter abschätzbar ist als die 


Veränderung Über längere Zeiträume — mit 
vielen dazwischen liegenden Ereignissen. 

Die Abgrenzung eines Systems stellt in 
jedem Fall ein Problem dar. Zwecks guter 
Überschaubarkeit und Berechenbarkeit sollen 
in ein System nur jene Bereiche und Vari- 
ablen aufgenommen werden, die für den 
‘normalen' Ablauf des Systems relevant 
sind. (Eine Zerlegung in Subsysteme ist 
manchmal unvermeidbar.) 

Es verbleiben dann immer noch externe 
Variable, die unter Umständen das System 
beeinflussen kônnen — aber für den Normal- 
ablauf vernachlässigt werden dürfen. Eine 
solche Vernachlässigung wird aber verder- 
blich, wenn lange Zeiträume zu berücksich- 
tigen sind. Prognostik musz daher entweder 
mit sehr komplexen Systemen rechnen — oder 
eine Vielzahl von externen Variablen im 
Auge behalten,. 


Beispiel 


Um den Schulbedarf in einem Wohngebiet auf 
längere Frist abzuschätzen, kônnte man als 
System die demographische Struktur der 
Bevôlkerung in diesem Gebiet samt den der- 
zeit bestehenden Gesetzmäszigkeiten im 
generativen Verhalten, in der Zu- und Ab- 
wanderung sowie im Schulbedarf (Schulbe- 
suchsquoten) betrachten. Ein derartiges, 
relativ stabiles System genügt aber für 
eine langfristige Prognose nicht. Die 
Schulbesuchsquoten knnen sich durch den 
steigenden Bedarf der Wirtschaft an besser 
Qualifizierten und durch kulturelle Trends 
einschneidend ändern, grosze wirtschaft- 
liche Entwicklungen und politische Umstel- 
lungen (etwa: Üffnung von bisher kaum 
durchlässigen Landesgrenzen) kônnen die 
Geburten- und Wanderungsraten beeinflussen. 

Um zu einer realistischeren langfristigen 

Prognose zu gelangen, gibt es die beïiden 
Môglichkeiten: 

1. Gewisse denkbare Ânderungen der 
Geburts- und Wanderungsraten und des 
Schulbedarfs werden als externe Vari- 
able in das System eingeführt und — 
eventuell in mehreren Alternativen — 
berücksichtigt. 

2. Das zu betrachtende System wird so 
erweitert, dasz es auch die groszen 
politischen und wirtschaftlichen Ent- 
wicklungen und etwa auch den Bedarf 
der Wirtschaft an Qualifikationen 
umfaszt. 

Offensichtlich ist die Methode, das Sys- 

tem môglichst umfassend zu machen, sehr 
aufwendig und für viele Prognosen kaum 
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lohnend,. Man wird sich daher meist mit der 
Berücksichtigung einiger wesentlicher 
externer Variabler begnügen. Wenn aller- 
dings das umfassendere System in mehrere 
Sub-Systeme zerlegt werden kann und für 


einige Sub-Systeme (etwa die Wirtschafts- 
entwicklung) schon gute Prognosen vorlieg- 
en, dann gehen die beiden Methoden inein- 
ander über: Die externen Variablen, die 
für eine bestimmte Prognose herangezogen 
werden, sind dann eventuell schon wieder 
Prognose-Resultate aus einer anderen 
Systemanalyse. 

Wenn ein System exakt abgegrenzt und 
bestimmt worden ist, wird oft erst deut- 
lich, wie wenig Wissen über die kausalen 
Zusammenhänge in diesem System überhaupt 
vorhanden ist. Das mangelnde Wissen um 
Kausalitäten innerhalb eines Systems läszt 
sehr oft eine echte Einsicht in das System 
nicht zu: das System ist dann wohl defini- 
ért, aber nicht transparent. 

Langfristige Prognosen stellen also Sys- 
temanalysen dar, die mit einigen spezi- 
fischen Schwierigkeiten behaftet sind: 

1. Es handelt sich meist um recht kom- 

plexe und schwer abgrenzbare Systeme. 

2. Je längere Zeiträume in Betracht 
gezogen werden, um so grôszer ist die 
Wahrscheinlichkeit, dasz seltene ex- 
terne Ereignisse auf ein gegebenes 
System einwirken — über längere Frist 
sind daher auch an sich stationäre 
Systeme nicht stationär. 

3. Ausgesprochene Diskontinuitäten müssen 
daher bei Prognosen in Betracht gezo- 
gen werden: das Unerwartete ist zu 
erwarten, 

4, Komplexe Systeme, seltene Ereignisse 
und qualitative Sprünge haben eines 
gemeinsam: man weisz weniger Über sie, 
man durchschaut ïihre Gesetzmäszig- 

_keiten oft noch sehr schlecht — gerade 
in der Prognostik verfügt man daher 
oft über wenig wissenschaftlich gut 
fundiertes Detailwissen zu einer 
gründlichen Analyse eines breiten 
Erscheïinungskreises, 

Die Methoden der Prognostik zielen vor 
allem darauf hin, diese spezifischen 
Schwierigkeiten zu umgehen,. 

Langfristplanung ist einerseits mit der 
besonderen Problematik langfristiger Prog- 
nostik belastet, anderseits aber — ganz 
getrennt davon — mit den Schwierigkeiten 
langfristiger Zielbestimmung und der 
Kosten-Nutzen-Rechnung auf lange Sicht, 
welche wiederum eine Kosten-Nutzen-Prognos- 
tik voraussetzt. Zwischen der Problematik 
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der Prognostik und der Problematik der 
Zielbestimmung ist dabei deutlich zu unter- 
scheiïiden, obwohl sich bei Langfristplanung 
zur Überwindung der spezifischen Schwierig- 
keiten beider Aspekte ähnliche Methoden 
anbieten. 
Ausgehend von der Betrachtungsweise, 
dasz die Prognostik auf eine Analyse 
dynamischer Systeme hinausläuft, bei der 
zur Überwindung der spezifischen Schwierig- 
keiten Vereinfachungsmethoden zur Anwendung 
kommen, läszt sich folgende Einteilung der 
prognostischen Methoden treffen: 
1. Ausnützung der Systemstabilität 
1.1 Einfache Extrapolation 
1.2 Systematische Kurvenanpassung 
2. Ausnützung der Systemstabilität unter 
Berücksichtigung einzelner relevanter 
Variablen (Randbedingungen) 


2.1 Kurvenanpassung mit themenbezo- 
genen Modifikationen ('con- 
straints', Ânderungsannahmen) 

2.2 Trendkorrelations-Analysen (Kor- 


relationen mit Variablen, 'pre- 
cursor'-Analyse) 
3. Abtasten der denkbaren qualitativen 
Sprünge (Diskontinuitäten) 
3.1 Morphologische Analyse (check- 
list) 
Intuitive Methoden: individuell 
(Heuristik), Panel, Delphi-Tech- 
nik 
4, Quasi-Systemanalyse 
4.1 Metaphern und Analogien 
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4,2 Quasi-Modelle 

5. Vereinfachte Verfahren der System- 
analyse 
5.1 Intuitive Methoden: Delphi-Tech- 


nik, Scenarios 
5.2 Modelle und Simulationen 
6. Anspruchsvolle Methoden der System- 
analyse 
6.1 Komplexe Simulationsmodelle 
6.2 Optimierungsverfahren 


Ausnutzung der Systemstabilitat: einfache Extrapolation 
Wenn man von einem System annimmt, dasz es 
stabil bzw. stationär sei, so läszt sich 
aus vergangenem Verhalten des Systems 
direkt auf zukünftiges Verhalten schlie- 
szen. Jede Erklärung ertibrigt sich dann. 
Es ist nur notwendig, durch genügend lange 
Beobachtung die Regelmäszigkeïiten in den 
relevanten Phänomenen (im Output) des Sys- 
tems herauszufinden. 

Unveränderlichkeit kommt in der Prognos- 
tik sehr selten vor — da Erscheinungen, 
die evident konstant sind, kaum eine inten- 


sivere Befassung methodischer Art heraus- 
fordern. Wenn sie auftritt, so ist sie 
eher ein Sonderfall linearer Veränderung. 

In der Praxis werden daher als einfachste 
Regelmäszigkeiten in einem als stabil 
angesehenen System gleichfôrmige Veränder- 
ungen gesucht. Graphisch dargestellt, sind 
das lineare Veränderungen — Geraden im 
Koordinatensystem mit einer Zeitachse. 

Die einfache Extrapolation von Zeitreihen 
stôszt bei langfristiger Betrachtung in 
sehr vielen Fällen an eine logische 
Begrenzung ihrer Kontinuität. Dadurch wer- 
den Modifikationen der Extrapolation oder 
neue Hypothesen unumgänglich. Der Null- 
punkt kann nicht unterschritten werden — 
und er wird selten vôllig erreicht. Ebenso 
gibt es oft nach oben ein Limit. Die ein- 
fache Extrapolation bildet daher vielfach 
nur die erste grobe Vorstufe zur Erstellung 
besserer Prognosen. 


J'. 
Berücksichtigung von Randbedingungen: Kervenanpassung und 
Trendanalysen 


Die einfache Extrapolation durch Regression 
der Daten auf eine Gerade befriedigt bei 
längerfristigen Prognosen sehr oft nicht 
mehr. Man versucht dann vielfach, die 
Annahme beizubehalten, dasz man es mit 
einem stabilen System zu tun habe, dafür 
aber eine andere Regelmäszigkeit der Ânder- 
ung zu finden. Man kann immer noch rein 
mathematisch, ohne weiteres Eingehen auf 
die inneren Gesetzmäszigkeiten des Systems, 
kompliziertere Regelmäszigkeiten in die 
Datenmenge interpretieren — indem man 
rationale Funktionen hôüheren Grades an die 
Daten anpaszt. 

Die Form der Kurve wird (wenn man eïinmal 
von der einfacheren Anpassung an Gerade 
oder Funktionen zweiten Grades abgegangen 
ist) kaum noch von mathematischen Uberleg- 
ungen bestimmt. Einfache Form, Glätte und 
Symmetrie sind wahrscheinlich die wichtig- 
sten Leitlinien in der Praxis komplexer 
Extrapolationen. à 

Dazu treten dann inhaltliche Uberlegung- 
en, also Annahmen über Eigenheiten des 
erfaszten Systems. Die systematische Kurv- 
enanpassung geht damit oft schon von der 
bloszen Extrapolation einen Schritt weiter 
zu einer rudimentären Form der System- 
analyse, indem zusätzliche — meist sehr 
generelle — Annahmen über innere Gesetz- 
mäszigkeiten des Systems getroffen werden. 

Vielleicht die wichtigste inhaltlich 
definierte Funktion ist die "Sättigungs- 
kurve', die einen sich exponentiell stei- 


gernden Wachstumsprozesz annimmt, der mit 
zunehmendem Sättigungsgrad (Annäherung an 
eine gegebene Obergrenze) wieder allmählich 
abflaut. 

Die Sättigungskurve stellt, ähnlich wie 
die viel verwendete und bestechend klare 
Vereinfachung der Regressionsgeraden, einen 
Künigsweg der Prognostik dar. Läszt sie 
sich doch in irgend einer Form für sehr 
viele Systementwickelungen, die nach einer 
raschen Ausbreitungsperiode allmählich 
einen Grenzwert erreichen, heranziehen. 

Vor allem bei einer ganzen Reïihe von 
sozialen Prozessen, bei denen es zu einer 
Ausbreitung von Information, Gewohnheiten 
oder Besitz innerhalb einer Population 
kommt, ergibt sich ein Ablauf, der durch 
eine S-fôrmige Kurve am besten dargestellt 
werden kann: nach einem Anfangsstadium, in 
dem die Ausbreitung noch langsam vor sich 
geht, schnellen die Zahlen immer rascher 
in die Hôhe, allmählich tritt aber Sätti- 
gung ein und mit immer kleiner werdenden 
Zuwächsen nähert sich die Verbreitung 
einem absoluten Sättigungspunkt. Dieser 
Verlauf liegt dabei im System bedingt. 

Da es meist darum geht, in einer Prognose 
einzelne Variablen eines Systems in ihrer 
Entwicklung zu antizipieren, kann es mit- 
unter günstig sein, die Korrelation dieser 
Variablen mit anderen, leichter vorhersag- 
baren Variablen in der Vergangenheit fest- 
zustellen und dann dieselbe Korrelation 
auch für die Zukunft als stabil anzunehmen: 
es läszt sich dann die Extrapolation der 
leichter vorhersagbaren Variable auf die 
relevante Variable übertragen. Man nennt 
dieses Verfahren die 'Extrapolation ab- 
hängiger Variablen'. 

In der Makro-Okonomie benützt man diese 
Methode, um die mit einem ‘time lag' verzü- 
gerten abhängigen Variablen aus in der 
Gegenwart schon meszbaren Trends abzuleit- 
en. So lassen sich etwa Vorhersagen über 
die Entwicklung des Nationalproduktes aus 
Variablen wie Investitionsabsichten der 
Unternehmer, Optimismus der Konsumenten, 
Kaufabsichten der Bevôlkerung, Zahl der 
Hausbauten, Tendenz des Frachtverkehrs 
usw. extrapolieren. 

Im Prinzip kann es sich bei den Variab- 
len, aus denen sich Schlüsse für eine Prog- 
nose gewinnen lassen, um zweierlei Typen 
handeln: 

1. Indikatoren, welche in einem systema- 
tischen Zusammenhang mit dem zu 
schätzenden Wert stehen. 

2. Vorläufer, welche der interessierenden 
Entwicklung kausal vorangehen. 
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Bevor man die Extrapolation abhängiger 
Variablen anwendet, sollte man sich wenig- 
stens im groben über den Zusammenhang der 
Ableitungsvariablen und der abgeleiteten 
Variablen im Gesamtsystem im klaren sein. 


Abtasten der denkbaren qualitativen Sprünge (Diskontinuitäten) 


Die blosze Trend-Extrapolation — selbst 
unter der Annahme gewisser Regelmäszig- 
keiten des Systems — ist für langfristige 
Prognosen immer bedenklich, in vielen Fäl- 
len offensichtlich vôllig unzureichend. 

Das gilt insbesondere dort, wo mit tech- 
nischen oder sozialen Innovationen zu rech- 
nen ist, welche deutliche Diskontinuitäten 
einleiten. 

Da es offenbar die Aufgabe einer Prognose 
ist, nicht nur einzelne môgliche Entwick- 
lungen ins Auge zu fassen, sondern den 
Groszteil der wahrscheiïinlichen ‘'Zukünfte! 
verherzusehen, gelangt man mit dem Aufgeben 
der bloszen Extrapolation in ein neues 
Problemfeld, das einer andersartigen Denk- 
weise bedarf. 

Das Ziel der Extrapolation ist es, 
zwischen Maximum und Minimum in einen 
breiten Wahrscheinlichkeitsbereich zu tref- 
fen. 


p(y=max-min) # 0.90 


Das Ziel der Diskontinuitätsanalyse ist 
es, in einem breiten Wahrscheinlichkeits- 
bereich alle denkbaren grundlegenden Inno- 
vationen und Umstrukturierungen zu erfassen 
— und deren Wahrscheïinlichkeit abzuschät- 
zen: 
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p= geschätzte 

Wahrscheinlichkeit 
môgliche 
Zustände 


Zustandl 2 


Zustand 1 


Während die Extrapolation direkte Werte 
einzelner Variablen ergibt, befaszt sich 
die Diskontinuitätsanalyse primär mit 
Zuständen (fundamentalen Voraussetzungen, 
Sub-Systemen) — aus denen dann die Veränd- 
erung einzelner Variablen erst wieder 
abgeleitet wird. 

Für das Aufsuchen aller môglichen Zust- 
ände ist es von grôüsztem Vorteil, Wenn man 
systematisch vorgeht. Ein äuszerst gründ- 
liches System stellt dabei die ‘morpholo- 
gische Analyse' dar. Sie besteht darin, 
dasz man fur ein System die wichtigsten 
Variablen in groszen qualitativen Stufen 
erfaszt — und dann diese alternativen voll- 
ständig miteinander kombiniert. 

Die morphologische Analyse hilft der 
Imagination nach — indem sie zwingt, auch 
vorher wenig überlegte, ja, absurde 
Zustände durchzudenken. Sie garantiert aber 
keineswegs die Vollständigkeit der Betrach- 
tung. Man kann auch mit dieser Methode 
wesentliche Aspekte übersehen und verges- 
sen. 

Die morphologische Analyse, die für eine 
grôszere Zahl von Variablen äuszerst un- 
handlich wird, läszt sich von vornherein 
vereinfachen, wenn man nicht alle Kombina- 
tionen durchspielt, sondern ganz systema- 
tisch nur bestimmte Bereiche heraushebt, 
Das graphische Grundmuster für eine solche 
Vorgangsweise sin Netzpläne verschiedenster 
Art. 

Das systematische Durchprobieren denk- 
barer Môglichkeiten kann zu aufwendig sein 
— das gilt insbesondere, wenn auch die ein- 
zelnen Dimensionen erst durch langwierige 
Vorarbeiten definiert werden müszten. Das 
für die Prognose relevante System ist auch 


bisweilen so komplex, dasz nur das Fach- 
_wissen einer Reïhe von Personen auch nur 
halbwegs die môüglichen Determinanten ab- 
deckt. In allen solchen Fällen greift man 
._ mit Vorteil zu intuitiven Methoden, die 
vorwiegend mit Fachleute-Gruppen arbeiten. 

Intuition ist ein psychologischer Vor- 
gang, bei dem die vielfältigen Aspekte 
eines komplexen Problems auf einer vorbe- 
wuszten Ebene im Gehirn durchgearbeitet 
werden. Da intuitive Denkvorgänge nicht 
durch das Bewusztsein kontrolliert werden, 
sind sie wesenhaft unzuverlässig und un- 
M 21pliniert, aber oft sehr ergiebig. Es 
stimmt auch nicht, dasz Intuition im 
direkten Gegensatz zur rationalen Vernunft 
steht. Auch intuitive Einfälle folgen der 
Logik — allerdings überspringen sie zuweil- 
en die eingefahrenen (kritischen) Denk- 
bahnen, und gerade darin liegt ihre spezi- 
fische Leistungsfähigkeit in der Prognost- 
ik. 

Die einfachste Form intuitiver Prognose 
ist die Vision eines einzelnen Sehers oder 
Propheten. Geniale Voraussicht hat man 
dieses Verfahren in seiner modernen Version 
genannt. Der Nachteil dieses Verfahrens 
ist, dasz es wenig geniale Propheten gibt, 
dasz ein sicheres Kennzeïchen dafür fehlt, 
ob ein Prophet als genial gelten darf — 
und dasz sogar Genies irren. 

Deshalb verläszt man sich besser nicht 
auf einen einzelnen Propheten, sondern 
zieht lieber mehrere gut qualifizierte 
Vorausseher heran. Man kann dabei jeden 
einzelnen Experten für sich eine Prognose 
abgeben lassen und dann daraus gemittelte 
Aussagen (Mittelwerte) gewinnen oder eine 
Gruppe von Sachverständigen in einer 
Konsens-Diskussion eine allgemein akzept- 
able Prognose festlegen lassen,. 

Es ergeben sich daraus die folgenden drei 
intuitiven Techniken: 

1. Individuelle Vorausschau eines Expert- 

on. 

2. Experten-Befragung. 

3. Experten-Konsens. 

Eine Reïhe von futurologischen Techniken 
zielt darauf ab, die intuitive Kapazität 

zu erhôühen, Es geht dabeïi vor allem darum, 
durch Abbau von Konformitäts- und Kontrol1- 
Mechanismen — sowohl auf psychologischer 
wie auf soziologischer Ebene — den kreati- 
ven Einfallsreichtum zu fôrdern und Ideen, 
die sonst vor ihrem Bewusztseïin schon un- 
terdrückt würden, zum Durchbruch zu ver- 
helfen. 

In der Zukunftsforschung haben sich 
dabei vor allem zwei Techniken durchges- 


CAPALE 

1. Das Braïinstorming — freies Assoziier- 
en unter Ausschaltung hemmender 
Kritik. 

2. Die Delphi-Technik — Integration viel- 
facher Experten-Urteile unter Aus- 
schaltung sozialen Konsensdrucks. 

Im Grunde hat Braïinstorming in unsystemati- 
scher Art eïine ähnliche Funktion wie die 
morphologische Analyse. Sonst unbeachtet 
bleïibende Môglichkeïiten werden ins Licht 
rationaler Betrachtung geholt. 

Für eine Brainstorming-Session gibt es 
einige Grundregeln, deren strikte Beachtung 
erst den gewünschten Effekt ungehemmter 
Ideenproduktion garantiert: 

1. Problem oder Thema definitorisch ab- 

grenzen und Abschweifungen verhindern. 

2. Jede auftauchende Idee beachten, ganz 
gleich wie unwesentlich und unreali- 
stisch sie erscheint. 

3. Keïine Kritik an irgendeïiner Idee. 

4. Keine Diskussion über Folgerungen, 
die sich aus einer Idee ergäben. 

Die Analyse der vorgebrachten Vorschläge 
gehôrt nicht in die Braïinstorming-Session, 
sondern in eine eigene, nachträglich zu 
bewältigende Aufgabe. 

Durch diese Grundregeln unterscheïidet 
sich das Braïinstorming grundlegend von 
anderen Gruppen-Verfahren, etwa Rollen- 
spielen oder dem Durchspiélen von Szenari- 
05, 

Die Delphi-Methode zielt darauf ab, aus 
einer Gruppe von Teilnehmern — meist Exper- 
ten — ein Maximum an Know-how und Informa- 
tion herauszuholen., Sie koppelt dazu die 
Vorteile der Gruppendiskussion — vor allem 
anregende und auch korrigierende Wirkung — 
mit dem Vorteil unbeeinfluszter konzen- 
trierter Schreibtischarbeit: die Teilneh- 
mer kommen nicht persônlich zusammen, 
sondern erfahren jeweils nach einer 
schriftlich durchgeführten Denkstufe (in 
der sie entweder Frageformutare ausfüllen 
oder Voraussagen niederschreïiben) die 
Ergebnisse der gesamten Runde. Jeder Be- 


teiligte kann dann wieder schriftlich, 
ohne Prestigeverlust und ehne dem Druck 
der Mehrheïit ausgesetzt zu sein, seinen 
Standpunkt revidieren oder verteidigen. In 
mehreren Durchgängen kommt man so zu einer 
Konvergenz der Urteile, die nicht so sehr 
auf gruppenpsychologischen Effekten (Scheu, 
den einmal publik gemachten Standort auf- 
zugeben; persünliche Sympathien und Anti- 
pathien gegenüber anderen Mitgliedern; 
Wirkung von verbaler Geschicklichkeit oder 
starkem Dominanzstreben) beruht, wie das 
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in einer normalen Gruppensitzung der Fall 
wäre. 


Quasi-Systemanalyse 

Von einer Systemanalyse im engeren Sinn 
kann man sprechen, wenn von vornherein 
nicht mehr auf ein Verständnis der Vor- 
gänge innerhalb des für das Phänomen rele- 
vanten Systems verzichtet wird. 

Eine vollständige Analyse komplexerer 
Systeme stellt oft zu hohe Ansprüche. Der 
Drang zu Vereinfachungen wird daher, 
sobald man sich zu einer umfassenderen 
Systemanalyse entschlieszt, sehr grosz. 

Die richtige Vereinfachungsstufe zu finden, 
entscheidet vielfach über Erfolg oder 
Miszerfolg eines prognostischen Vorhabens,. 

Ganz grobe Vereinfachungen komplexer Sys- 
teme bezeichnet man — da sie kaum mehr den 
Charakter der echten Analyse tragen — als 
Quasi-Systemanalyse, Es läszt sich dabeïi 
unterscheiden zwischen 

1. Metaphern und Analogien, welche die 
Analyse eines Systems überhaupt 
ersparen, da man annimmt, dasz es in 
simpler Analogie zu bekannten System- 
en abläuft. 

2. Quasi-Modelle mit einem stärker aus- 
geprägten modellhaften Ablaufcharak- 
ter, denen aber nur eine sehr be- 
schränkte Einsicht in die Vorgänge 
des betrachteten Systems vorausgeht. 

Metaphern werden vielfach überhaupt nur 
verbal beschrieben und als Rechtfertigungen 
für recht willkürliche Kurvenanpassungen 
und intuitive Extrapolationen herangezogen. 
Quasi-Modelle haben meist einen mathemati- 
schen Charakter, oft auch in der Form von 
Feedback-Mechanismen — doch beruhen die in 
das Modell eingehenden Parameter vorwiegend 
auf subjektiven Vorstellungen, nicht aus 
systematischer Analyse. 

Die meisten Metaphern und Analogien 
entstammen entweder physikalischen Vor- 
gängen, wie Anziehungskraft und Explosion 
oder biologischen Erscheïinungen, wie Wach- 
stum, Reifung, Lebenszyklus, 'Sättigung'. 
Verbale Analogien stellen in den meisten 
Fällen nicht effiziente Methoden der Prog- 
nose dar, sondern blosz bequeme Formen der 
Beschreïibung eines Systems oder eines Pro- 
zesses, 

Doch kann die bewuszte Suche nach passen- 
den Analogien für ein System, dessen 
Auszerlichkeiten man kennt, zuweilen fur 
ein besseres Verständnis fruchtbar werden. 

Es gibt einen weiten wissenschaftlichen 
Bereich, in dem Quasi-Modelle von groszem 
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Nutzen sind und unbedenklich angewendet 
werden kônnen. Dazu gehôren etwa die kurz- 
fristigen Voraussagen der Ükonometrie. Die 
einfache Extrapolation oder auch die 
elaborate Kurvenanpassung für einen ein- 
zelnen Trend werden heute von Wirtschafts- 
wissenschaftern kaum mehr verwendet. Man 
zieht vielmehr für eine Prognose eine 
Reihe von Indikator-Variablen heran und 
nimmt zwischen diesen Variablen gewisse 
Zusammenhänge an: aufgrund dieser Annahmen 
werden dann die Extrapolationen für jede 
einzelne Variable zu einer gewichteten 
Gesamtprognose für den relevanten Wert 
(zum Beispiel Wirtschaftswachstum einer 
Branche, Beschäftigungsstand oder Investi- 
tionsrate) zusammengesetzt. Wo diese 
Methodik schon sehr weit entwickelt ist 
und auch die Zusammenhänge zwischen den 
Variablen auf empirischen Werten fuszen, 
gelangt die Ükonometrie zu echten komplex- 
en Modellen: für deren Durchrechnung bedarf 
es meist beträchtlicher Computer-Kapazität. 
Daher begnügt man sich vielfach mit ein- 
facheren Modellansätzen, die auch am 
Schreibtisch noch zu bewältigen sind. Das 
heiszt nicht, dasz solche Quasi-Modelle 
bei kurzfristigen Prognosen unbedingt 
schlechtere Ergebnisse bringen müssen als 
echte Modelle,. Die Ükonometrie, welche 
sich mit sehr groszen Systemen wirtschaft- 
licher Vorgänge befaszt, hat mit recht 
simplen Beziehungsgleiïichungen beachtliche 
Erfolgererzielt. 

Aber auch in der Soziologie geht die 
Tendenz zur Anwendung stark vereinfachter 
Modelle. Ebenso werden psychologische Vor- 
gänge heute vielfach in “uszerst simplifi- 
zierten Modellen, welche rein hypothetisch 
sind, simuliert. Allerdings geht es dabei 
nicht darum, richtige Vorhersagen zu tref- 
fen. Im Gegenteil: man spielt das Modell — 
meist unter Einsatz eines Computers — 
durch und prüft wie gut die Ergebnisse mit 
vergleiïichbaren Vorgängen in der Realität 
oder mit einem Parallel-Experiment überein- 
stimmen. Zeigt sich, dasz mit dem Quasi- 
Modell gute Prognosen gelingen, so nimmt 
man an, dasz dieses Quasi-Modell realitäts- 
nahe ist, also einem echten Modell 
entspricht. 


Szenarios und Modelle 
Komplexe Systeme beinhalten eine grôszere 
Zahl von Variablen, die aufeinander wirken: 
sie weisen dabei eine deutliche Struktur 
der Zusammenhänge auf. 

Eine vollständige Systemanalyse erfaszt 


alle relevanten Variablen und versucht, 
deren Zusammenhänge zu quantifizieren. Man 
nennt diesen Vorgang, wenn er einen gewis- 
sen Umfang erreicht und für eine einfache 

- Erstellung mittels weniger Relationenzahlen 
zu unhandlich wird, den Bau eines Modells, 

Prinzipiell sind alle wissenschaftlichen 
Aussagen Modellbeschreiïibungen. Je mehr 
Charakteristika eines Systems in der Aus- 
sagenmenge enthalten sind, umso deutlicher 
wird die Modellhaftigkeit. 

Fur eine längerfristige Prognose ist die 
Môglichkeit, in Modellen den Ablauf von 
Prozessen nachzuvollziehen (zu simulieren) 
von grôszter Bedeutung. Offenbar wäre die 
perfekte Form der Prognose die Simulation 
von aufeinanderfolgenden Abläufen in einem 
Model1, das alle entscheidenden Variablen 
enthält. 

Leider bleibt diese perfekte Vorgangs- 
weise beim heutigen Stand der Prognose- 
Techniken eine Utopie. Dafür gibt es fol- 
gende Erklärung: 

Ein komplexes System, das auch grund- 
legende Veränderungen übergeordneter Sys- 
teme berücksichtigen soll, musz ziemlich 
viele relevante Variablen enthalten — fast 
immer mehr als zehn, meist bis zu dreiszig 
oder vierzig, oft noch weit mehr. Es ist 
beim heutigen Stand des Wissens und den 
Kosten von Informationsgewinnung kaum müg- 
lich, alle diese Variablen in ihren Zusam- 
menhängen genau zu quantifizieren und ihre 
Interrelationen exakt zu erfassen, Es 
bleibt also bei Näherungen. Nun kommt noch 
die Unsicherheïit der Ereignisse hinzu: an 
vielen Entscheiïidungspunkten sind mehrere 
môgliche Varianten zu berücksichtigen. 

Will man alle durchspielen, so wächst der 
Arbeitsaufwand rasch ins Unrentable. 

Hier zeichnen sich daher klare Grenzen 
der Modelltechnik ab — die allerdings 
durch die Entwicklung der Computer-Anwend- 
ung, durch die Akkumulation von Information 
in Datenbanken und durch die wachsende 
Vertrautheit mit Modellen stetig weiter 
hinausgeschoben werden. 

Es kommt daher auch bei der Anwendung 
von Modellen darauf an, sinnvolle Verein- 
fachungen anzuwenden. Diese Vereinfachungen 
bestehen in zwei Masznahmen: 

1. In der Beschränkung auf eine noch 

tragbare Zahl von Variablen. 

2. Im Verzicht auf exaktere Quantifizier- 

ung. 

Beide Typen von Vereinfachungen erfordern 
sehr viel Fachwissen in dem Prognosegebiet 
und praktische Erfahrung. Offenbar ist es 
gerade für langfristigere Prognosen gewagt, 


Variablen wegzulassen, die zwar in kurzer 
Frist kaum zum Tragen kommen, später aber 
das System entscheidend umlenken kônnten. 
Die Beschränkung auf wenige Variablen 
kommt daher eher für Modelle in Frage, die 
kurzfristige Prognosen oder Zustandsbe- 
schreïibungen liefern sollen — oder die 
sich von vornherein auf ein weniger kom- 
plexes System (oder Subsystem) beziehen. 
Gerade für weiterreichende Voraussagen 
wird es oft günstiger sein, lieber mehr 
Variablen im Modell zu behalten, aber auf 
exaktere Quantifizierungen zu verzichten. 

Bei der Beschränkung auf wenige Variablen 
gelangt man bei einem etwas umfassenderen 
System kaum zu einer so groszen Realitäts- 
nähe, dasz man mit dem Modell auch wirklich 
‘spielen', das heiïiszt Prozesse nachvoll- 
ziehen kann. Wir bezeichnen diese Modelle 
daher als 'starre' Modelle, da in ihnen 
die Realität nur in wenigen gegebenen 
Variablen beschrieben und dargestellt wird. 
Hingegen sind die Modelle mit einer aus- 
reichend groszen Zahl von Variablen so 
‘lebensnah', dasz man mit ihnen Realität 
simulieren kann. Allerdings erfordern sie 
auch durchwegs den Einsatz von Computer- 
Anlagen, während starre Modelle in ihrer 
Darstellung und Handhabung nie des Compu- 
ters bedürfen (doch benützt man diesen 
heute vielfach, um die Parameter solcher 
Modelle zu errechnen). 

Die bessere Metrik und die damit ver- 
bundene genauere Quantifizierung bringt — 
wo sie vorhanden ist — enorme Gewinne. Die 
müglichen Aussagen (Prognosen) werden nicht 
nur quantifizierbar, es lassen sich auch 
noch die Methoden des Operations Research 
heranziehen. Ein echtes Optimierungsmodell 
ermôglicht es, für ein System — nach 
gegebenen Zielfunktionen — die Optimal- 
1ôsung zu errechnen. Das hôüchste Ziel der 
Rationalität wird damit erreicht: die 
exakte Prognose unter allen denkbaren Be- 
dingungen — und daran geknüpft, die Auswahl 
der absolut besten Lôüsung. Dieser Traum 
des Prognostikers bleibt allerdings in der 


langfristigen Prognostik auch meistens 
noch Traum: es gibt kaum ein komplexes 
System, das wir schon genügend gut kennen, 
um davon ein vollkommenes Optimierungs- 
modell zu bauen. 

Die einfachste Form, ein Modell durch- 
zuspielen, ist offenbar das blosze Denk- 
Experiment auf sprachlicher Ebene: die 
Utopie am Schreibtisch. 

Für kurzfristige Prognosen — uns insbe- 
sondere zur Übung des dafür notwendigen 
systemanalytischen Denkens — werden daher 
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(meist Modelle fizierte Simula- 

mehr tions-Modelle) 

als zehn) Optimierungs- 
Modelle 


gern 'Fallstudien' oder 'Rollenspiele! 
durchgespielt. 

‘Unternehmens'-Spiele sehr komplexer Art 
— insbesondere mit einem Computer — gehôren 
allerdings schon zu den Simulations-Model- 
len. 

In der Langfristplanung kommen immer 
mehrere Einflüsse zum Tragen, auch gibt es 
weitaus mehr môügliche Verzweigungen im 
Ablauf. Daher wird es notwendig, hierzu 
die Spiele stark zu vereinfachen, die 
Modelle auf weniger Variablen zu beschränk- 
en, und Zzwar auf die entscheidenden (soweit 
man das eben weisz). 

Das Szenario entspricht als Technik 
diesen Anforderungen am besten. Beim 
Schreiben eines Szenarios werden vor allem 
jene kritischen Verzweigungspunkte eines 
Systems beachtet, an denen sich — oft auf- 
grund winziger Einflüsse — das System in 
die eine oder andere Richtung entwickelt: 
also Zonen der Instabilität. Denn diese 
nütigen, da ja der tatsächliche ‘'Ausgang! 
nicht bekannt ist, zumeist zur weiteren 
Prüfung beïder Alternativen. Das Szenario 
hat seine Brennpunkte bei den Entschei- 
dungsprozessen: das macht diese sonst noch 
recht unwissenschaftliche Methode fur die 
Praxis so bedeutsam. 

Das Szenario beschreïibt die Entwicklung 
eines Systems in wenigen, aber dafür um so 
interessanteren Ausschnitten. Es ist das 
die traditionelle Technik des Schriftstel- 
lers oder Dramaturgen, der ja auch nur die 
wesentlichen Aspekte schildert. Allerdings 
hält sich der Schriftsteller meist an eine 
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einzige, von ihm eben ausgewählte Szenen- 
folge, während der futurologische Szenario- 
Schreiber meist mehrere Môglichkeiten in 
Betracht zieht. 

Der Formalisierung solcher Gedanken- 
modelle ist keine Grenze gesetzt: es lassen 
sich Szenarios durchaus auch mathematisch 
darstellen. Freilich wird dann, bei Ver- 
fügbarkeit von Rechenkapazität, die Ver- 
suchung sofort sehr grosz, das Modell aus- 
zuweiten, bis es sich zu einem regelrech- 


ten Simulationsmodell mausert. 


Simulationen und Optimierungsmodelle 


Unter Simulationsmodellen versteht man üb- 
licherweise Modelle, die den Ablauf in 
einem System unter verschiedenen Bedingun- 
gen nachahmen, dabei aber nicht bestimmte 
Zustände oder Ziele ansteuern, wie das 
Optimierungsmodelle tun. Simulations- 
modelle ähneln dadurch stärker der Reali- 
tät, die ja auch Prozesse in einem gewissen 
Gleichgewichtszustand beïinhaltet, kaum aber 
konsequent Verbesserungen bis zu einem 
Optimum methodisch exakt anpeilt (nur über 
sehr lange Entwicklungsperioden gibt es in 
vielen Systemen stark oszillierende Anpas- 
sungsprozesse, die approximativen Optimier- 
ungen ähneln). 

Simulationsmodelle eignen sich in be- 
sonderem Masz für die langfristigere Prog- 
nostik, während Optimierungsmodelle unmit- 
telbar Planungsinstrumente sind. Da Simu- 
lationsmodelle einen Prozesz nachahmen, 
der von einem gegebenen Anfangszustand 


unter bestimmten Bedingungen zu einem 
determinierten Endzustand führt, kann man 

_ den jeweiligen Endzustand wieder als Neu- 

|| beginn setzen und eine nächste Prozesz- 

_ periode simulieren. Man nennt solche 
Wiederholungen Iterationen — jede Iteration 
beginnt dabei mit den Daten, die das 
Ergebnis des vorangegangenen Durchlaufs 
waren. Dadurch läszt sich ein einmal fest- 
gehaltener Prozesz in seiner ferneren Wirk- 
ung vervielfältigen. 

Simulationsmodelle 'spielen' zwar die 
Wirklichkeïit nach, aber dem, der damit 
spielt, bleibt immer ein gewisser Frei- 
heitsraum — bei Simulationsmodellen mit 
Kontinuierlicher Intervention sogar sehr 
viel. Damit entfernen sie sich schon sehr 
weit von der streng deterministischen 
Prognose und nähern sich der Planung, die 
ja ebenfalls eine Prognose mit Eingriffs- 
 müglichkeiïiten darstellt. 

Optimierungsmodelle entfernen sich noch 
weiter von, der Prognose. Sie errechnen 
nicht eine wahrscheïinliche Zukunft, also 
den Endzustand eines Systems unter wahr- 
scheinlichen Bedingungen, und auch nicht 
eine Zukunft unter verschiedenen, probe- 
weise vorgegebenen Bedingungen (Simula- 
tion), sondern führen bei festgelegten 
Randbedingungen (constraints) zur Optimier- 
ung (Maximierung oder Minimierung) einer 
quantitativen Zielfunktion. 

Die derzeit verfügbaren Methoden der 
Optimierung, vorwiegend für lineare Pro- 


grammierung geeignet, entsprechen aller- 
dings noch wenig den Anforderungen soziolo- 
gischer und psychologischer Variablen. 

Auch ist das Problem der Zielfunktionen 
auf diesem Gebiet noch in keiner befriedi- 
genden Weise gelüst: die psychische und 
soziale Nutzwertanalyse steht erst am 
Beginn ihrer Entwicklung. 

Zudem ist zu vermuten, dasz fur lang- 
fristige Problemstellungen Optimierungs- 
modelle niemals das Feld beherrschen wer- 
den. Es existieren offenbar Schwellen der 
Anwendbarkeïit für bestimmte Methoden. Und 
die mathematische Programmierung bedarf 
einer Datenpräzision, die bei langfristi- 
gen Prognosen aufgrund der Akkumulation 
von Unsicherheiten unmôglich ist. Man wird 
hier immer auf Vereinfachungen angewiesen 
sein. Doch heïiszt das nicht, dasz sich 
deswegen der Prognostiker und Langfrist- 
planer vbllig auf unpräzise Methoden 
zurückziehen soll. Die hôchste Effizienz 
läszt sich in diesem Gebiet — wie eigent- 
lich üÜberall in der Wissenschaft — durch 
eine Mischung und Adaptation der Methoden 
erreichen. Die vollständige und perfekte 
Systemanalyse langfristiger komplexer 
Phänomene musz offenbar so vorgehen, dasz 
sie jeweils durch ein flüchtigeres, aber 
umfassenderes (stärker intuitives) Abtast- 
en müglicher Entwicklungen und Bedingungen 
interessante wahrscheinliche Subsysteme 
heraushebt und diese dann mit präziseren 
Methoden — bis zu vollwertigen Optimie- 
rungsmodellen — analysiert. 


Ein Aspekt der politischen Ükonomie: Das 
Verhältnis von Theorie und Praxis 


DR E. HÔDL 
University of Darmstadt, W. Germany 


Die Diskrepanz zwischen Theorie und Praxis 
läszt sich nicht vollständig aufheben. Der 
Nachweis dafür kann sowohl von der Insti- 
tutionellen Verankerung der Wissenschaft 
als auch von der gesellschaftlichen Praxis 


her geführt werden. Er scheïint aber 
solange trivial, als Wissenschaft nicht 
zur entscheldenden Produktivkraft wird. 
Erst wenn man auf dem Wege zur 'Wissen- 
schaftlichen Gesellschaft' [1] ist, musz 
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die Wechselwirkung von Theorie und Praxis 
näher bestimmt werden, weil dort wo Wissen- 
schaft noch ein historisch naturwüchsig 
und unstrukturierter Bereich ist, auch eine 
Fehlentwicklung der Praxis einsetzen kann. 
Wissenschaftsplanung ist ein Lôsungsan- 
satz. Die Ziele dieser Planung müssen auf 
die Fürderung sozialen Fortschritts in der 
gesellschaftlichen Praxis gerichtet sein. 
Das heiszt auch, die nähere Bestimmung des 
gegenwärtigen Einflusses der Theorie auf 
die Praxis. Untersucht man einige Tenden- 
zen im Wissenschaftsbetrieb, dann fällt 
die durchgehende Formalisierung auf. 
Unter langerfristiger Perspektive läszt 
sich dazu eine These formulieren: 
Die Anwendung formalisierter Theorien 
schlieszt im sozial-wissenschaftlichen 
Bereich tendenzielt die bereite Betel- 
ligung der Üffentlichkeit an praktischen 
Fragen aus. Die Üffentlichkeit kann 
durch formale Theorien nur mittelbar 
über die fachwissenschaftlichen Insti- 
tutionen gefürdert werden. Damit ist die 
Formalisierung Ausdruck von Hierarchien 
und hilft diese zu konservieren. Die 
Erarbeitung formalen Wissens zielt 
gegenwärtig nicht auf die generelle Auf- 
klärung uber die Lebenspraxis, sondern 
auf die Schaffung von Herrschaftswissen. 


Wissenschaft ist nicht nur ein System von 
Erkenntnissen, sondern auch die Grunlage 
der praktischen Tätigkeit. Versteht sich 
Wissenschaft kritisch, dann zielt sie auf 
Veränderung der geistigen und materiellen 
Lebensbedingungen. Damit ist sie aber 
gleichzeitig Praxis, die eben als die 
Aktivität zur Umgestaltung dieser Beding- 
ungen definiert ist. Eine kritische Wissen- 
schaft ist notwendigerweise praktisch [2]. 

Theorien als Aussagesysteme über die 
geistige oder materielle Realität künnen 
also instrument zur Fürderung sozialen 
Fortschritts sein. Ob dies tatsächlich 
gelingt, hängt von der Praxisnähe der 
Theoriebildung ab. Soweit nämlich der Ent- 
wurf der Theorien — d.h. die Abstraktion 
von der Realität und die kategoriale Sys- 
tematisierung — im Hinblick auf die kon- 
krete Anwendung erfolgt, ist die Intention 
zur sozialen Veränderung bereits in der 
Theorie enthalten. Dieser Therietyp 
herrscht jedoch gegenwärtig nicht vor, 
weil die Forderung nach einer 'Objektivi- 
tät' [3] in der Wissenschaft dominiert. 
Dasz jede Theorie parteiisch ist, wird 
dadurch verdeckt. 

Der positivistisch orientlerte Wissen- 
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schaftsbetrieb enthält diese kritische Kom- 
ponente nur in verkürzter Form. Er entwick= 
elt erklärende Theorien (denen prognost- 
ische Eigenschaften zugeschrieben werden), 
die ihren Beitrag zum sozialen Fortschritt 
erst bei der anschlieszenden Verwendung " 
zur normativen Gestaltung der Praxis leist= 
en sollen. Der räumliche und zeitliche 
Unterschied des Entwurfes und der Anwendung 
der Theorien macht sie zwangsläufig ab- 
strakt. In der Theorie sind keine unmittel- 
baren Hinweise zur Veränderung der spezi- , 
fisch-praktischen Situation. Unter politi- 
schem Aspekt erscheïinen sie daher als 
neutral gegenüber einer Verwertung. Ihre 
Anwendung auf ein konkretes Objekt, stellt 
jedoch einen Versuch der Verfügung über das 
Anwendungsobjekt dar. Die Realität soll 
nach der Struktur des Modells geformt 
werden. 

Die Praxis hat vor allem auf planerischem 
Gebiet gezeigt, dasz diese Verfügung nicht 
ohne weiteres gelingt. Deshalb wurde das 
Problem der Realisierung von theoretischen 
Ergebnissen einer Analyse unterzogen. Die 
Untersuchung der Nahtstelle von Theorie 
und Praxis steht im Mittelpunkt, ohne 
jedoch die Gesamtkonzeption der Wissen- 
schaft grundlegend infrage zu stellen. Die 
Diskussion des Verhältnisses von Forscher 
und Manager im Betrieb, der Partizipations- 
strategien in der Planung und der Beziehung 
von Wissenschaft und Politik [4] zieht 
nicht die Konsequenz, dasz die Kommunikat- 
ion zwischen Wissenschaft und Praxis vor 
allem erst durch eine Anpassung der Theor- 
ien an die Praxis môglich wird. 


Die Verfeinerung des positivistischen Wis- 
senschaftsprogramms, aber auch die Perfekt- 
ionierung der Formalwissenschaften führte 
zur Formalisierung in den Sozialwissen- 
schaften. Die Trennung von Theorie und 
Praxis tritt hier noch stärker hervor und 
läszt sich doppelt darstellen: am Entste- 
hungs- und Verwertungszusammenhang. Die 
Entstehung formaler Theorien erfolgt durch 
Abstraktion und die Bildung müglichst uni- 
versell nachweisbarer Kategorien. Der Ent- 
wurf von formalen Modellen erfolgt nur 
mehr mit Hilfe dieser Kategorien und ihrer 
analysierten formalen Beziehungen. Auch 
die Weiterentwicklung der Modelle verbleibt 
- angeregt durch die Akzentuierung des for- 
malen Aspektes - weitgehend unabhängig von 
den Veränderungen in der Praxis. - 
Die Arbeit am empirischen Material redu- 
ziert sich auf die Bestimmung der Quanti- 
täten der Modellvariablen, so dasz Daten- 


und Rechenprobleme (Schätz- und Testver- 
fahren) im Mittelpunkt stehen. 

Die Probleme einer Verwertung der Modelle 
mn ist durch den Entstehungszusammenhang gep- 
rägt. Die Modelle stellen ein von der 
Praxis weitgehend abgelôüstes und abstraktes 
Bild des erwünschten künftigen Zustandes 
dar. Die Modellergebnisse sind daher die 
wWichtigste Orientierung für konkrete Ein- 
griffe in die Realität. Die normative Kom- 
ponente bei den Eingriffen impliziert - 
soweit die Modellergebnisse realisiert 
werden sollen - eine Vorstellung einer 
nunmehr durchgehenden Verfügung über die 
Realität. Die formalen Modelle enthalten 
eine verstärkte normative Komponente, weil 
die Modellergebnisse fertig vorliegen und 
‘aufgrund ihrer algorithmischen Struktur in 
kein Wechselspiel mit der Praxis treten 
kônnen. 
| Dieser in den Modellen enthaltene 
 Anspruch auf Verfügung über das Objekt 
wird nur dann eingelüst, wenn die Macht- 
position der Modellverwender zur normativen 
Gestaltung ausreicht. Dieses Problem 14szt 
sich unter zwei Perspektiven skizzieren: 
(a) das Verhältnis von Modell und Praxis 
und (b) das Machtverhältnis. 

Wenn sich im Modell die Interessen in 
der Praxis widerspiegeln kann die Reali- 
sierung der Modellergebnisse reibungslos 
erfolgen. Dies bedeutet jedoch eine konser- 
vative Lôüsung. Bei grüszerem Abstand von 
Theorie und Praxis treten bei gleichen 
Interessen der Modellanwender und der 
Betroffenen wenig Probleme auf. Im Falle 
des Interessengegensatzes und eines bedeu- 
tenderen Ânderungsversuches werden die 
Modellergebnisse nicht umgesetzt. Nahezu 


alle progressiven Planungsprozesse anhand 
formaler Modelle sind auf diese Weise ges- 
cheitert [5]. 

Wenn mit Hilfe der Modelle eine Veränder- 
ung gegen konservative Interessen nicht 
erfolgreich ist, dann stellt sich die 
Frage, ob formale Modelle überhaupt nur 
wirksam werden, wenn sie in den Dienst der 
herrschenden Interessen gestellt werden. 
Über diese Vermutung hinaus wäre zu fragen, 
ob es überhaupt formale Modelle gibt, die 
von Unterpriviligierten benutzt werden 
konnen. Teilt man die Gesellschaft in Wirt- 
schaft, Staat und Bürgern, dann entfällt 
gegenwärtig die letztere Gruppe als Subjekt 
einer Modellanwendung. Weder die organisa- 
torischen Vorbedingungen noch die Interes- 
sen der Bürger sind so gelagert, dasz ein 
vorhandenes Modell angewandt werden kônnte. 
Die Modelle künnen nur von Wirtschaft und 


Staat für sich, und damit auch für die 
Burger angewandt werden. Die Bürger selbst 
treten jetzt als passives Subjekt auf. Die 
Modelle sind also derart strukturiert, dasz 
sie Herrschaftswissen darstellen. Die 
Vorteile kônnen nur durch stellvertretendes 
Handeln mittelbar wirksam werden, Ob sich 
das Machtverhältnis zwischen Wirtschaft 

und Staat auch in den verschiedenen prakti- 
zierten Modellvarianten ausdruckt, wäre 
anhand konkreter Analysen des Verhältnisses 
von Staat und Wirtschaft zu zeigen. 


Die Institutionalisierung von Herrschafts- 
wissen in Form von formalen Modellen ist 
durch die Entwicklung kybernetischer und 
spieltheoretischer Modelle - wenngleich 
bisher nur marginal - relativiert worden. 
Der allgemeine Vorwurf der Entfernung von 
der Praxis und die Abhängigkeit von der 
Interessenkonstellation ist durch die ex- 
plizite Aufnahme der Handlungssubjekte in 
die Modelle nicht mehr zutreffend. Während 
die traditionelle Modellbildung (z.B. 
Lineare Programmierung, Input-Output- 
Analyse) sich nur auf Sachen bezieht, sind 
in der Kybernetik die Handlungssubjekte in 
Form von Reglern und Regelstrecken und in 
der Spieltheorie in Form der Spieler auf- 
geführt. 4 


Weil hier eine simultane Berücksichtigung 
von Sachen und Handlungssubjekten vorliegt, 
handelt es sich um eine organisatorische 
Fragestellung, die nicht mehr ohne engen 
Bezug zur Praxis beantwortet werden kann. 
Die Handlungssubjekte sind nämlich bereits 
Teil der Praxis. Wenn Praxis die Umgestalt- 
ung der geistigen und materiellen Lebens- 
bedingungen ist, dann kann sie nur durch 


Handlungssubjekte, die in diesem prakti- 
schen Bereich stehen, vollzogen werden. In 
Modellen, die die Verbindung von Handlungs- 
subjekten und Sachen bezeïichnen ist daher 
auch die Beschreibung der sächlichen Dimen- 
sion stärker auf die Praxis bezogen. Der 
Abstand von Theorie und Praxis ist durch 
Modelle mit explizitem Handlungssubjekt in 
erster Näherung verringert. Gleichzeitig 
wird Über die Handlungssubjekte explizit 
gemacht, in wessen praktischem Interesse 
die Modelle stehen. Die Bezogenheïit der 
Modelle auf die Praxis ist mit einer Aus- 
sage über die Interessengebundenheit gekop- 
peit. Abstrakte Modelle, die nur Sachen 
betreffen, kônnen diese Aussage nicht 
liefern. 


Wenn also in kybernetischen Modellen über 
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die Handlungssubjekte auch interessen — 
zumindest teilweise — explizit gemacht 
werden (Verhaltensannahmen), dann künnte 
mit dem Entwurf entsprechender Modelle 

eine diesbezügliche Transparenz hergestellt 
werden. Es künnten aber darüber hinaus 
Modelle entwickelt werden, die strukturell 
auf die Fürderung sozialen Fortschritts 
angelegt wird. Wenn in die Modelle nicht 
nur Variable, die durch vorhandene amtliche 
Statistiken abgedeckt sind, eingehen, son- 
dern auch zusätzlich Kontrollinstanzen 
vorgeschlagen werden, würde mit der Reali- 
sierung des Modells die eine Erhôhung der 
Rationalität der Gesellschaft erfolgen. 
Derartige praxisnahe und zugunsten des 
Fortschritts parteiische Modelle existieren 
jedoch kaum. 

Wenn bei den oben genannten praxisfernen 
Modellen die Verwertungsprobleme im Mittel- 
punkt standen, dann sind es hier die 
Entstehungsprobleme. Modelle die eine 
Transparenz der Interessen und explizit 
eine breite Emanzipation fôrdern wollen, 
werden im traditionellen Wissenschafts- 
betrieb erst garnicht entworfen, 

Der gesamtgesellschaftliche Prozesz 
erweist sich am Beispiel der Modellbildung 
als eindeutig auf die Erweiterung des Ein- 
fluszbereiches bestehender Interessenslagen 
gerichtet, Sofern Modelle sich in den 
Dienst dieser Interessen stellen, werden 
sie mit oder ohne Explikation der Hand- 
lungssubjekte realisiert. In jedem anderen 
Fall werden die Modellansätze oder -ergeb- 
nisse in der Praxis kaum wirksam. Damit 
stehen Modelle nicht aufgrund ihrer forma- 
len Struktur im Dienste bestehender Inter- 
essen, sondern weil sich ein Typ von 
Formalisierung durchgesetzt hat, der auf 
die Praxis nur über die Modellbildung 
Bezug nimmt und deshalb weder die Trans- 
parenz erhôht, noch das Ziel des sozialen 
Fortschritts explizit enthalten kann. Wird 
jedoch die kritische Perspektive in das 
Modell aufgenommen, d.h. sein Entwurf 
bereits auf eine praktische Veränderung im 
bestehenden Interessenzusammenhang konzi- 
piert, dann berühren sich die Ansprüche 
der Politischen Ükonomie und der Model1- 
bildung. Obwohl der Zusammenhang noch 
keineswegs geklärt ist, sind erste Ansätze 
für eine Bearbeïitung dieses Problems vor- 
handen [6]. 
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Der Groszteil Modellbildung bleiïibt ohne 
Reflexion des Entstehungs- und Verwertungs= 
zusammenhangs. Wenn man davon ausgeht, dasz 
die Verwissenschaftlichung der Gesellschaft 
auch längerfristig von den Formalisierung- 
stendenzen (z.B. EDV) begleitet wird, dann 
ist der Entwurf von formalen Modellen, die 
den sozialen Fortschritt fürdern, zunehmend 
wichtig. Der Modellbau ist dann aus der 
gegenwärtigen Unverbindlichkeit herzulôsen 
und wird auch zum politischen Problem. 

Auch die gegenwärtige Praxis der Wissen- 
schafts- und Bildungsplanung ist davon 
berührt. Auf diese Weise kann die Ansamm- 
lung von Herrschaftswissen korrigiert wer- 
den. 
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CYBERNETICS IN TOWN AND COUNTRY 


PLANNING 


(Co-ordinator : R. |. Vachon) 


The paper by Professor Hough of Oakland University in Rochester 
Works towards a General Systems Model of Growth and Development by 
starting from Artefacts and examines population trends and food 
production and consumption, charting the two last at various 
stages from 1840 to 1985 for the United States of America. 
Professors Steiss and Cashion (State University, Blacksberg, 
Virginia) consider the implications of ultrastability in relation 
to social change into a society as a plystable system to arrive at 


| a meta-systemic planning mechanism. 


The paper by Professor Berkman of New York University applies 
cybernetic theory to the nesting of urban functional sub-systems 
whilst Architect Poliakine of Jerusalem develops the theme of 
management of town-planning problems in applied terms. 

The massive synopsis of the STARSITE enquiry to establish a 
decision-making mechanism for housing allocation carried out at 
Auburn University, by five programme directors, assisted by 20 
interdisciplinary fellows from various institutions provides a 
Worthy conclusion to the interesting proceedings of this symposium. 


Toward a general systems model of growth 


and development 


PROFESSOR R. R. HOUGH 
Oakland University, USA 


The construction of a model of a large- 
scale socioeconomic system is heavily in- 
fluenced by the descriptive language which 
is used in the preliminary stages of prob- 
lem perception. Much of the work that has 


been done in general systems theory has 

helped to formulate concepts which may be 
of use to researchers in their own disci- 
plines. Less work has been done to elabor- 
ate upon concepts that will help research- 
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ers to proceed on the assumption that the 
systems they have described are suffici- 
ently independent to allow analyses for 
policy purposes. This paper develops a 
paradigm which defines the social, ecolo- 
gical, economic and political systems of a 
nation or sub-region thereof in complement- 
ary ways. À model based on that paradigm 

is then developed and some results of 
testing that model are discussed, 


Introduction 

The development of general systems theory 
may be depicted as a highly successful 
attempt to isolate concepts which are com- 
mon to diverse branches of scientific 
investigation. À corollary of this develop- 
ment is somewhat neglected, that is, the 
collection of concepts so defined consti- 
tutes a language which defines at the 
start of an investigation the properties 
of all entities that may rightfully come 
to be called systems. If the corollary 
holds, the appropriate language for the 
description of problems is not our every- 
day language of discourse; rather the 
language should be made up of the concepts 
known to describe the properties of sys- 
tems previously studied, 

It would be a trivial exercise indeed to 
make much ado over so obvious a corollary 
if the results of theorizing about growth 
and development were somewhat different. 
The contrasting experiences of analysts in 
microeconomics and macroeconomics give 
some indications of the current state of 
therarts 

In microeconomics, it is safe to say 
that the decision-making units studied 
(firms, unions, consumers, universities, 
and the like) are described in rich enough 
detail by the models used to approximate 
the important properties of the open sys- 
tems studied at that level, that is, 
profits bespeak an excess of energy imports 
over energy exports, a production function 
summarizes the negative entropy extant in 
the cumulative technological and inter- 
personal experience of the firm and so on. 
Others have carefully summarized many of 
these parallels and a review need not 
detain us here [1]. It is important to 
observe here that the depictions of the 
behavior of decision-makers which grow out 
of these works serve their users very well 
indeed. 

At the macroeconomic level, models con- 
structed by the economist soon begin to 


188 


exhibit failures in a multiplicity of ways. 
The inaccuracy of short-term economic fore: 
casts is notorious. We have yet to improve 
upon crude Malthusian population forecasts: 
Our recipes for growth and development 
continually run afoul of unanticipated 
consequences, Despite the many large and 
technically sophisticated macro-models 
dealing with the medium-term behavior of 
the U.S. economy, we are grappling ineptly 
with dozens of mutually exclusive explana- 
tions of the food price inflation of the 
last five to seven years. 

Are these macro-models tolerable repre- 
sentations of the open systems with which 
they attempt to deal? There are a host of 
questions which can be raised from the 
general systems perspective. Can we safely 
ignore inter-temporal or interregional 
variations in energic inputs from the sun? 
Can we disconnect an economic system from 
the variations in its water inputs? Is an 
economic system insensitive to political 
and social information flows? With what 
lags do these mechanisms operate? At least 
some of the difficulties experienced. by 
macro-analysts are related to the heroïc 
ceterts partbus assumptions with which 
social, political and ecological variables 
are swept away. 

A starting point for the restructuring 
of our insights should be the use of 
general systems concepts as a language for 
the description of national, state, and 
local systems. The following section will 
explore one approach to the problem of 
describing the systems involved. 


The artifact systems 


In modeling local, state, regional, and 
national systems we are faced at minimum 
with the nutrient and energy cycles of 
interacting population systems. The 'eco- 
logical system' so formed surely operates 
without remorse in the absence of man. In 
their presence, man is in part subject to 
the same energy and nutrient rules which 
govern other populations; that is within 
some as yet unspecified limits, many may 
make alterations in the structure of these 
natural systems. Some range of alterations 
does not upset the long-run stability of 
the system. At the same time those altera- 
tions make it possible for man to stabi- 
lise his local environment against the 
vicissitudes which inevitably haunt 
creatures of the ecological domain. He may 
utilize the energy sources of hydrocarbon 


 fuels to supplement the sun's exogenous 


inputs and he may replace nutrients lost 


| to the soil in order to stabilize his 


nutrient supply. He may use these within 
limits and also a wide range of other in- 


Sulating, enhancing and stabilizing tech- 


| nologies to his own ends. 


The problems with which we are concerned 
here can be described as arising when man 
imposes 'artifact' systems over the energy 
and nutrient flows of the ecological 
domain. Consider a paradigm of man's deci- 
sion-making behavior. Man is a "scenario 
processor'; that is, he receives messages 
called 'scenarios' and produces messages 


“called 'decisions'{2]. The decisions 


result in new scenarios and thereby initi- 
ate the cycle of events characteristic of 
open systems. The processing of a scenario 
may be broken down into a five-step pro- 

cess leading from scenario to decision as 


in Fig.1. Consider the five steps in turn. 


d': 


Fig.1 Step 1 


 Scenario A —+[  |]—— Scenario B 


Step 2 

Scenario B ——+]  |———+ Model 
Step 3 

Model | ___|— Hypothesis 
Step 4 

Hypothesis —>[  ]——+ Policy 
Step 5 

Policy —[ _____]—— Decision 

The Environment 
Decision [7 | — Scenario A' 


Step 1 portrays the role of language in 
the decision-making process; that is, the 
possible information elements of the 
scenario are coded selectively into sym- 
bols, depending upon which elements of the 
scenario are defined in the language of 
the decision-maker. In short, the percep- 
tion of the scenario depends upon the 
language of the observer. 


Steps 2 through 4 depict the transition 
from the perception of a problem to a 
policy aimed at the solution of a problem. 
Though the process shown in Fig.l is shown 
as a formal process which might caricature 
formal research, it is meant also to iden- 
tify the critical elements in the struc- 
ture of intuitive decision-making. The 
term 'model' connotes the entire structure 
of causal ordering among the elements in 
the scenario. "Hypothesis' refers to those 
relationships between elements which are 
seen explicitly as important by the 
decision-maker. The term "policy! refers 
to those elements over which the decision- 
maker can excercise control. 

Step 5 refers to the particular choice 
of the decision-maker as to the elements 
over which control will be exercised. The 
exercise of control results, via the 
environment of the decision-maker, in a 
new scenario With its intended and uninten- 
ded consequences, 

There are a number of ways in which the 
steps in this process may be used to des- 
cribe corresponding processes at several 
societal levels. Essential to all is the 
notion of three 'artifact systems': the 
economic system, the social system, and 
the control or political system. Each of 
these systems can be regarded as a scenario 
processing system, that is each has a 
language which codes the messages received 
and is made up of channels which are dis- 
tinguished by language differences. One 
preliminary set of descriptions for these 
artifact systems follows. 

A channel (or group?) in a social system 
is defined by a common descriptive 
language. It codes the messages received 
in terms of that language and in response 
produces a list of "product orders'. The 
term product here is to be distinguished 
from the term ‘economic good', that is 
‘product! refers to anything which may be 
produced whether or not it is valued in a 
marketplace. 

Channels in an economic system may be 
treated in a parallel fashion. A channel 
may be defined in terms of its technology. 
The messages received by a channel relate 
to a catalog of products which can be pro- 
duced by the channel. The messages sent 
are specified in terms of the 'payroll' of 
factors required for production [3]. It is 
essential that the notion of a channel be 
construed very broadly, that is, individu- 
als, households, bridge clubs, governmental 
units, service organizations, communes, 
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churches, firms and all other varieties of 
organization may be thought of as channels 
in the sense in which the word ‘channel! 

is used here. Each channel receives product 
orders and transmits factor payrolls which 
are dependent on its state of technological 
development. 

Channels in the control system are defi- 
ned in terms of their 'values' as establi- 
shed by markets, laws or moral codes, The 
messages received are defined in terms of 
losts of factor payrolls. The messages 
sent result in the alteration of the real 
nutrient and energy flows of the ecological 
system. The changes and reordering of the 
flows of a particular ecological system, 
of course, affect the real output flows 
from that ecological system to the popula- 
tions that inhabit that ecological system 
and, in turn, new scenarios describing 
those populations are received by the 
social system. The full cycle described is 
depictedin-Fipa2: 

There are several formal directions in 
which the modelling of this paradigm might 
proceed. Fluekiger has pursued the quali- 
tative characterization of such systems in 
an effort to find alternative ways in which 
to observe and measure technological change 
in economic systems [4]. His work explores 
the conditions under which such systems 
are defined to be closed, open and reduced 
in the sense of the latter term in which 
all channels are excluded which are not 
directly or indirectly related to the 
environment of the system. He has also 
explored in some depth the formal proper- 
ties': of.the concept: 'level of! resolution”, 
which in a characterization of a national 
model would relate to the detail with 
which local, state, and regional systems 
are included, 
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The central concern of this paper is not, 
however, to provide formal underpinnings 
for the paradigm. It is, rather, to 
examine some gross evidence which bears 
upon the extent to which the paradigm is 
worthy of further .formal development and 
empirical validation. It is this task to 
which we will now turn. 


A simple model of spatial growth and development 


As Gunnar Myrdal has pointed out, we have 
paid little attention to the way in which 
the ecological subsystem defined above 
relates to the performance of national 
systems [5]. His concern may be restated 
in the form of an extraordinarily simple 
model, the validity of which is subject to 
testing in the patterns of U.S. growth and 
development, that is, the agricultural out- 
put of a particular state is limited, 
roughly, by the size of its arable land, 
the number of hours of sunlight to which 
growing plants are exposed annually, and 
the amount of water available for trans- 
porting nutrients to the plants. Similarly, 
the average person living in the temperate 
environment which characterizes the popula- 
ted areas of the United States requires 
about 3,000 calories per day for the main- 
tenance of health [6]. Thus, the gross 
parameters of the national ecological sys- 
tem are defined. Given the control deci- 
sion made early in US history that 160 
acres of land constituted the appropriate 
size for a family farm, it should be pos- 
sible to estimate quite accurately the 
size of the agricultural establishment, 
both in physical and human terms, for any 
given population size [7]. ; 
Treating population sizes and land areas 
as the exogenous variables, a simple model 
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was constructed and the period from 1790 
to 1970 was simulated. The results of that 
effort are summarized in Fig.3. That 
figure shows the actual size of the US 
population at the time of each decennial 
census and the size of the population 
which the nation's agriculture could have 
fed, given the daily nutritional require- 
ments above and an over-all productivity 
of 15 bushels of corn equivalents per acre 
per year, a productivity which characteri- 
zed 19th century agriculture. 

The failure of the model after 1890 is 
attributable to two factors. First, the 
beginnings of commercial nitrate and ferti- 
lizer applications occurred around the 
turn of the century [8]. Secondly, the 
assumed constancy of yields from state to 
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state is, on its face. false since annual 
rainfall, sunlight and soil conditions 
differed greatly between states. It may be 
observed that many of the interstate dif- 
ferentials in energy and nutrient flows 
are offset by interstate differentials in 
farm size which arose as the country 
developed. Thus it would be expected that 
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land price differences between states 
would have reflected differential yields 
due to the peculiar energy and nutrient 
flows of the states and the distances of 
the farmlands from major markets. As is 
shown in Fig.4, the average size of farms 
by state is inversely related to the land 
prices prevailing in those states, From 
Fig.4 it may be concluded that the total 
output of a ‘farm' is roughly constant 
between states and that the number of 
farms which a given acreage was able to 
support is dependent on the arable acreage 
available in that particular state. 

The simple model which produced Fig.3 
was revised to reflect these differentials 
in productivity and also to reflect the 
continuing increases in over-all yield due 
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to the increasing use of nitrates, ferti- 
-lizers, farm machinery, etc. The results 
of the second simulation appear in Fig.s. 
Three conclusions from Fig.5 and the 
underlying developmental patterns seem 
inescapable. First, the westward expansion 
which took place during the 19th century 
and continued during the 19th century into 
the early part of the 20th century was 
nutrient driven, that is, the opening up 
of the new lands and the timing of the 
openings were necessary to meet the nutri- 
ent requirements of the human population. 
Secondly, the expansion would have taken 
place at a much faster rate had not the 
railroads have developed in order to 
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Fig.4 Land prices and farm size 
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supply the large population centers with 
foodstuffs. Thirdly, the development pro- 
cess released three people for ‘urban! 
work for each person remaining in agricul- 
ture during the 19th century. In addition 
there are several minor results which are 
startling but which suggest that the over- 
all role of the ecological system is cor- 
rectly perceived. 

Consider first the actual population and 
population capacity results displayed in 
Fig.5. As shown, the population capacity 
is well above the actual population during 
the entire period up to 1930. There are 
two reasons to believe that these estima- 
tes somewhat overestimate the capacity 
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available, First of all, the farm sizes 
utilized did not prevail until the 1920s,. 
Secondly, it is assumed that the farmlands 
were brought into full utilization at 
precisely the rate at which population 
density increased. Assuming that it took 
some number of years to bring about full 
utilization of the farmlands, the dates to 
which population capacity are related may 
be somewhat early. In the case of individu- 
al states such as New York, the difference 
in timing may have been as much as 20 
years. In the earlier simulation the full 
set of farmlands in New York were unable 
to feed the population by 1830 while in 
the later simulation that point was not 
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reached until after 1850 due to the small- 
er farm size utilized. It is, in any Case, 
clear from Fig.S that substantial delays 

in the increase of agricultural capacity 
would have meant that the system could not 
have supported its current populations. We 
may thus safely conclude that the westward 
migrations of the period were responsive 

to nutrient shortages or anticipated nutri- 
ent shortages. 

Next consider the relationship between 
the growth of the urban (non-farm) popula- 
tion and the growth of the rural (farm) 
population which underlies the model. As 
it is displayed in Fig.6, urban develop- 
ment is usually thought of as a process 
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Fig.6 Estimated urban and rural populations Fig.8 The railroads and agricultural capacity 
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Fig.10 Geographic distribution of agricultural capacity and consumption, 1840 


involving the gradual urbanization of the 
entire nation and it is frequently remark- 
ed that 'the urban population did not 
exceed the rural population until 1860", 
Unless many families inhabited each 160 
acre farm, the process was not so even 
handed as all that. New York, as is shown 
by point À in Fig.7, had a population suf- 
ficient to tend all available agricultural 
land by 1810. By 1850, according to the 
estimates of the second simulation and as 
is shown by point B, the agricultural out- 
put of the state was not sufficient to 
support the total population of the state. 
The conclusion to be drawn here is that 
the early development of the canals and 
the later development of the railroads 
allowed the expansion of the state beyond 
the capacity which it could otherwise have 
supported. This conclusion, in general, 
supported by the extraordinarily high cor- 
relation between the estimated size of 
agricultural capacity and the size of the 
railroad system, as is shown in Fig.8 [9]. 
The log of the number of miles of railroad 
would be a linear function of the number 
of farms under the condition that the 
growth in the railroad was related to the 
number of square miles which it served. 


The mesh of the grid implied in Fig.8 is, 
from the rough data available at this 
writing, consistent with the number of 
country elevators which the railroads 
eventually came to serve. 

Some states, of course, behaved very 
differently than New York behaved upon 
reaching the level of urbanization which 
could be supported by their agricultural 
output. As can be seen in Fig.9, Vermont, 
Maine and New Hampshire grew at a much 
slower rate. The slowing of the growth of 
these New England States may well have 
been attributable to nutritional problems. 
Consider the location of capacity deficits 
just prior to the Civil War. The deficits, 
relevant to 1840, which are shown in 
Fig.10, do not appear to be of any parti- 
cular concern other than to note that New 
England could have made up its deficit by 
internal transfers of food and modest 
imports from New York. However, Fig.l1l, 
shows that the New England pattern had 
changed dramatically by the beginning of 
the Civil War. By 1860, neighboring New 
York and New Jersey also had food deficits. 
Given that the surplus which Pennsylvania 
had was insufficient to meet the demands 
of New York alone, the locus of food pro- 
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duction to cover the deficits of the north- 
east was moved as far west as Ohio. As was 
shown earlier, it is precisely at that 
point in time that population growth in 

New Hampshire, Vermont and Maine levelled 
off. 

Consider now some results which are 
indicative of the short-term sensitivity 
of the class of models with which we are 
concerned. Fig.5 suggests that the period 
around 1930 was characterized by a decline 
in agricultural capacity to below the 
level which was necessary to support the 
total population. Given the depression 
tales of the slaughter of farm animals and 
the concomitant image of agricultural 
abundance, the notion of insufficient capa- 
city is highly at odds with the convention- 
al wisdom. However, a detailed look at the 
period from 1929 to 1939 belies the over- 
abundance notion image rather than the 
model. In particular, an accurate scenario 
of the period would go somewhat as follows. 
The drastic cutbacks in the money supply 
after 1929 affected the availability of 
loans with which fertilizers and nitrates 
might be acquired by farmers. These events 
combined with the 1934 drought in the Mid- 
west reduced caloric outputs to about 
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Fig.11 Geographic distribution of agricultural capacity and consumption, 1860 


2,400 cals per day per person. As might be 
expected, farm prices rose by nearly 50%. 
Why, it might be asked, did prices not 
rise further? For the first time in US 
history, food imports greatly exceeded 
food exports. What of the slaughter of 
farm animals which generated the initial 
image of surplus? First, a dramatic sub- 
stitution of meat for grain in depression 
diets took place. Secondly, faced with a 
shortage of food grains and the high cost 
of transportation for meat, it is reason- 
able to assume that it was better to 
slaughter surplus animals than to let them 
compete with humans for food grains. 

A similar tale is apparently relevant to 
the present and the recent past. During 
the period from 1960 through 1970, the 
index of wholesale prices for farm products 
rose from 97.2 to 111.0 (1967 = 100). The 
consumer price index for food rose from 
88.0 to 114.9 [9]. Clearly the consumer 
price index was reflecting the impact of 
forces which were not apparent from the 
wholesale price index for farm commodities. 
It is likely, on the basis of the analysis 
underlying the model, that the divergence 
of these two indices reflects the attempts 
of the consumer marketplace to ration in 


the face of a net caloric shortage of food. 
Though the details of the analysis have 
not been completely worked through, the 
essence of the argument can be seen in 
Fig.14. As shown by their respective 
indices in that figure, the available 
nutrients based on lagged grain production 
and current livestock slaughter were in 
relatively close proximity over the entire 
period [10]. During the same time period, 
total agricultural exports grew much more 
rapidly than nutrients became available. 
Manufacturing sales in food and kindred 
products grew at about the same rate as 
food exports [11]. These data are consis- 
tent with the persistence of a demand- 
induced inflation in consumer food prices 
from 1957 through 1970, that is while 
prices of farm products at wholesale grew 
at a rate governed by world food product- 
ion and prices, the relative shortage of 
food products for domestic consumption 
brought about inordinate increases in the 
consumer’ price index. 

The simple model pursued above seems to 
yield quite satisfactory results. It des- 
cribes the over-all pattern of US spatial 
development quite well. It alerts us to a 
range of events which has previously 
escaped attention, such as those in New 
England around the Civil War, the capacity 
shortages of the depression of the 1930's, 
and the current food price inflation. On 
the other hand the deficiencies are con- 
siderable. Land prices are a catchall vari- 
able and are not related strictly to or 
only to water and energy limits on the 
ecological systems of particular states. 
The model deals with capacity and not with 
actual production and therefore it does 
not predict the kind of short run events 
just considered. However, the model has a 
number of implications for further work 
With the four systems paradigm discussed 
éArliercin this paper. It is to those 
implications that we shall now turn. 


Conclusions and implications for further research 


The model suggests that the distribution 
of the population among state systems was 
profoundly affected by the nutrient and 
energy flows in the national system. 
Indeed, the development of a state may be 
appropriately described in terms of two 
and for some states three distinctive 
periods. Period one was characterized by 
the extensive development of agriculture 
and the end of it was marked by a popula- 


tion sufficient to man the arable lands of 
the state. Period two was characterized by 
the growth of the urban population toward 
the point at which the state's agriculture 
could no longer support the total popula- 
tion. In the case of the heavily industri- 
alized states, population growth has con- 
tinued with a substantial reliance on 
nutrients imported from other states. In 
those states in which urban growth stops 
short of agricultural capacity, it may be 
expected that the urban structures exist 
primarily to serve agriculture. À similar 
pattern may be expected to develop in 
states which depend for their existence on 
timber and mineral resources. 

Energy and water flows must play a pri- 
mary role in the development of states 
which move into the third developmental 
stage. At a superficial level, these 
resources are obviously necessary to sup- 
port the populations of humans and indus- 
trial machines, The profound effects which 
minor changes in water and energy flows 
may have had on urban locations are not 
fully appreciated. Consider the following 
example. It long has been argued that 
‘fair rate of return! regulation of private 
utilities in the United States leads those 
utilities to substantially overexpand 
their capital investment in order to 
spread their profits over a larger capital 
base [12]. Thus anticipated supranormal 
end-of-year profits may be reduced to 
normal by the 11th hour acquisition of 
capital. An especially simple way in which 
this capital base expansion may occur is 
in the acquisition of land and the develop- 
ment of the facilities for the delivery of 
energy to that land. An Oakland University 
student recently chose to compare the 
recent growth patterns of Standard Metro- 
politan Statistical Areas which were served 
by private utilities with the growth pat- 
terns which were served by public utili- 
ties. In a random sample of 21 cities, the 
14 central cities which were served by 
private utilities, but for one, declined. 
The sole exception was ringed by smaller 
cities with public utilities and a range 
of rural electric coops. All of the 
central cities served by public energy 
suppliers grew at a rate which was consis- 
tent with the growth rates in the areas 
outside the central cities. The location 
of capital investment is not at all inde- 
pendent of the location and quality of 
energy and water resources. 

From the point of view of the social sys- 
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tem, the analysis has largely concentrated 
on the relationship of total population to 
the nutrient supply. Implicit, however, in 
the observed growth-rate differentials 
between states are the possibilities of 
significantly different population charac- 
teristics resulting from the differentials 
themselves. An area which is growing very 
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rapidly or declining will 'age' much more 
rapidly than an area which is growing 
rapidly. Both the imminent outmigration of 
youth and the relatively high death rate 
resulting from the concentration of older 


persons can be expected to affect the per- 


ceptions of the community. Indeed, from a 
somewhat broader point of view it can be 
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argued that in every distribution of popu- 
lation characteristics there is a back- 
ground rate of change which can be expect- 
ed to result from those characteristics. 
Following the work of Averach and Johnson, 
it should be possible to compute relatively 
precise indices of the changes (future 
shock) to which a population is subject 

and discern the impact of those changes on 
the product orders which result. 

It may also be important to understand 
the effect of the 'richness' of the popu- 
lation on product orders, where 'richness! 
is defined in terms of the number of 
identifiable channels and the number of 
persons identified with those channels. 
Just as rich ecological environments are 
stable against problems which are species 
specific, so may the richness of the 
human population contribute to the stabili- 
ty of the product orders which flow from 
them. 

Our previous investigations of the tech- 
nologies which convert product orders to 
nutrient and energy requirements has been 
largely limited to those channels which 
produce orders for economic goods. We have 
been primarily concerned with the relation- 
ships between households, firms, trade 


Fig.13 Geographic distribution of agricultural capacity and consumption, 1930 


unions and the likes. The results of these 
studies are especially weak in defining 
the human energy requirements of alterna- 
tive systems. Some perspective may be 
gained on this facet of the problem by 
considering for a moment that the 2,400 hr 
work year of the average person in the 
labor force accounts for only just over 

10 per cent of the waking-hour potential 
of the US population. My own most cursory 
study of the time allocations (life 


styles?) of college students suggests that 
there are dramatic differentials in the 
annual distribution of time allocations 
among students. 

The final concern of these investiga- 
tions is, of course, the devising of market 
and direct-intervention strategies which 
are optimal in terms of the value systems 
of the population and which at the same 
time guard against strategies which are 
unstable or, in the very long run, unre- 
coverable, We need it would seem, to have 
a somewhat clearer picture of the ways in 
which those strategies can be reached. 

We need to be aware of those strategies 
very soon. The pattern of capacity defi- 
cits and surpluses for 1930 is displayed 
in Fig.13. The 1930 deficits are in marked 
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Fig.14 Geographic distribution of agricultural capacity and consumption, 1970 


contrast to the capacity surpluses which 
are depicted in the 1970 map of Fig.14. 
Increases in yield per acre have placed a 
seemingly endless supply of agricultural 
capacity at our disposal. Total interstate 
capacity deficits are offset by an inter- 
state capacity surplus of about 144 million 
persons. But not so fast — for the middle 
latitudes of the US, research at the Uni- 
versity of Hawii has placed the net poten- 
tial photosynthesis at 30 g/m2/day [13]. 
Assuming 60 1b bushels of corn, that limit 
translates to 79.5 bushels/acre by weight. 
The corn yields on which the 1970 estima- 
tes are based exceed 80 bushels/acre by 
volume. This rather gloomy observation is 
made more emphatic by research currently 
being conducted at Syracuse University. 
The research in point is studying ways of 
genetically improving the aerodynamic 
efficiency of cornstalks so that the 
carbon dioxide of individual plants may be 
increased to the limit and thus the photo- 
synthetic limit raised [14]. Assuming then, 
that the remarkable increases in yields of 
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the recent decade will not be repeated, 
let us examine the spatial and temporal 
configuration of food deficits which the 
model projects for the years ahead. 

Figure 15 shows the configuration of 
deficits and surpluses for 1985 which will 
result if the most conservative estimates 
of US population growth hold. It is clear 
from this configuration that our approach 
to the year 2000 will be characterized by 
an increasing reliance on the productivity 
of the great plains, which productivity 
has been heavily dependent on the vagaries 
of the weather in the past. 

Under the assumptions of the previous 
section, the model indicates that the ulti- 
mate feeding capacity of the United States 
is just over 301 million persons. Under 
the most conservative projection (used in 
Fig.15) we will not reach that population 
until 2020. At current fertility rates we 
shall reach that population by 1995, 

While neïither as ambitious nor as strik- 
ing as some other current estimates of the 
near future, these projections do suggest 
that the time is short. 
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Fig.15 Geographic distribution of agricultural capacity and consumption, 1985 
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This model is one way of conceptualiz- 
ing K. BOULDING's ‘The image'. For a 
detailed treatment of the implicit 
information retrieval model of cogni- 
tion see HOUGH's ‘Development and test- 
ing of a systems model of the class- 
room'. For alternative treatments of 
decision maker's and the systems model 
to be explored shortly see also HOUGH's 
‘What economists do". 
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The need for synergistic approaches to the urban crisis 


It is becoming increasingly apparent that 
many traditional planning approaches are 
inadequate to deal with the complexities 

of pressing urban problems. An attitude of 
optimism, however, leads man to assume that 
he can tackle the ‘urban crisis! and that 
he does have the ability to plan his future 
environment in an optimum fashion [1]. 

In May, 1971, an International Conference 
on Cities was sponsored by NATO's Committee 
on the Challenges of Modern Society, in 
collaboration with the National League of 
Cities, the U.S. Conference of Mayors, the 
National Association of Counties, and the 
International City Management Association. 
Two implicit assumptions lay at the founda- 
tion of this conference: first, that every 
effort should be made to improve the condi- 
tions of our urban areas; and second, that 
these conditions can be improved through 
the application of technology to relieve 
the pressures and strains of urban life. 

As Jay Forrester observed during the con- 
ference: ''Within the implicit assumptions 
underlying human affairs are often to be 
found the sources of our difficulties'' [2]. 
Dr. Forrester also suggested that: 

M DaSt ef lorts (to innrove cities have 
failed because the city has not been per- 
ceived properly as.... (a) system that 
interacts with its environment. An inappro- 
priate frame of reference leads to inef- 
fective policies.'"' [3]. These observations 
would suggest that the problems of our 
contemporary urban society must be pursued 
through a synergistic framework, with 
particular emphasis given to an understand- 
ing of science and technology and their 
contemporary milieu. 


The task confronting the urban planner 


The urban planner in contemporary society 
is faced with a most difficult task. In 
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addition to building a professional body . 
of knowledge capable of examination by 
other related disciplines, the planner 
must learn from the vast accumulation of 
technology that now is before him. Failing 
to address these problems, the 'tradition- 
al' planner may soon find his professional 
responsibilities assumed by other disci- 
plines more capable and better equipped 
than his. The planner's technique of 
‘muddling through' urban problems, support- 
ing himself with some nebulous 'profession- 
al ideology', increasingly will prove 
inadequate to the task. 

Upon examination, the planner's problem, 
in his attempts ‘to get a grasp' of the 
ever increasing and changing complexities 
of the urban environment, might be reduced 
to a choice between two widely differing 
approaches: 

1, Intuitive methods, suggesting an 
emphasis on subjectivity, experience, 
and faith. 

2. Systematic methods, with an emphasis 
on deduction, induction, and the 
scientific method. 

Admittedly, these two broadly generalized 
approaches should exist together, one 
complementing the other. However, the 
intuitive approach has characterized past 
efforts at solving urban problems, and as 
Forrester has observed, !',... intuitive 
solutions to the problems of complex social 
systems will be wrong most of the time.''[4] 
Therefore, the focus of this presentation 
is on the search for more systematic 
approaches to urban problems and issues. 

The adoption of any one disciplinary 
‘approach! to the analysis of urban dyna- 
mics would inherently define limits to its 
application. Evaluation of various systemic 
approaches would suggest the need for what 
may be termed a more heuristic theory for 
the examination of urban phenomena. Such a 
theory should be developed in such a way 


as to have the advantages of both ‘hard! 
systems (scientific applications) and 
intuitive or value-oriented applications 
[5]. In short, there is a need for new, 


fresh approaches to the study of urban 


phenomena; an interdisciplinary framework 
must be constructed to permit various 
disciplines to ‘plug in' their own 
theoretical biases. To be of maximum utili- 
ty, this framework must provide a vehicle 
for communication — a multi-disciplinary- 
methodology. The concept of a ‘Metasystemic 
Planning Mechanism', as developed herein, 
is presented with these objectives in mind. 


Cybernetic theory applied to urban functional subsystems 

Most sociologists would accept the notion 
that urban society can be described and 
analyzed as a system composed of various 


|" social institutions and groups, some formal 


and others highly informal and fleeting in 
their existence. Any formal social insti- 
tution, in turn, can be thought of as a 
subsystem of the larger urban system: for 
example, ‘'education', "public health", 
‘social welfare', or 'justice'. These com- 
ponents of the larger social system repre- 
sent functional subsystems — functional 
because they are designed to carry out 
certain basic functions necessary to the 
operation (survival) of the total society. 

Since social institutions may be identi- 

fied as functional subsystems of the larger 
social system, it may be assumed that they 
possess systemic characteristics. Among 
these. are: 

1. An established order or arrangement 
of component parts (structural config- 
uration), reflecting a set of rela- 
tionships among the elements of sub- 
subsystems (individuals or groups of 
individuals). 

2. À set of processes (or mode of beha- 
vior), often difficult to perceive or 
understand from outside the subsystem. 

3. À series of inputs which pass through 
the social institution, or are opera- 
ted upon by the institution, to 
produce outputs. 

4. À relationship to the basic functions 
for which the subsystem was establi- 
shed to serve (i.e. goal-directedness 
or teleos, involving a monitoring of 
performance through feedback mecha- 
nisms). : 

Each functional subsystem also operates 
within a larger environment, i.e. the urban 
system. 


Most functional subsystems are character- 
ized by a rather complex set of internal 
relationships (structure and process). As 
a consequence, what goes on within these 
functional subsystems often is unintelli- 
gible to an outsider, One does not gain 
admission to the activities within the 
functional subsystems without the appro- 
priate credentials, This feature, in turn, 
would suggest that they be labeled 'eso- 
teric', i.e. understood by or meant for 
only specially instructed or initiated 
individuals [6]. 

By labeling functional subsystems 'eso- 
teric' is not to suggest that they are 
closed systems, only that they are self- 
organizing and self-regulating. Among the 
inputs to a functional subsystem are the 
various clientele groups, i.e. members of 
the general public for whom the social 
institution was designed to serve. For the 
most part, these clientele groups have 
relatively little effect on the structure 
or processes of the functional subsystem 
as they pass through them. Whatever else 
happens, the functional subsystem goes on; 
it is very powerfully arranged to maintain 
its own internal stability — and, therefore, 
its survival. 

A social institution (functional subsys- 
tem), therefore, can be conceived as an 
ultrastable system. At any point in time, 
its stable state is determined by the 
relationship among a set of systemic vari- 
ables. Any change in one of these variables 
may cause a shift in the position of dyna- 
mic equilibrium (stability) of that vari- 
able. The state variable affected by the 
change is modified slightly and the system 
continues its original pattern of behavior 
(see Fig.l). This is a consequence of the 
stability-seeking character of any open 
system. 


Disturbance 
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Fig.1 An ultrastable system before and after impact of a disturbance 


at state A 
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System after 
disturbance 


System before 
disturbance 


Fig.2 An ultrastable system before and after 
the impact of a disturbance, showing a reversal 
in the line of behavior among the available 
states of the system 


An ultrastable system does not react to 
outside disturbances by ‘going on the 
offense', but rather by shifting its point 
of stability so as to counterbalance exact- 
ly the effects of the disturbance (as, for 
example, when the system replaces state A 
withA')u[7]lseThe results isethat;$aPea 
functional subsystem is "'disturbed', pro- 
ducing measurable changes in one of its 
state variables, the subsystem neither 
breaks down nor reacts violently; its 
internal relationships simply are adjusted 
slightly so that the effects of the dis- 
turbance are offset. In behavioral terms, 
this response may be defined as an ultra- 
stability reaction (to use Ashby's termi- 
nology). 

No system or subsystem, of course, can 
survive environmental disturbances so 
great as to be considered extirpating. Up 
to this final threshold of disturbance, 
however, ultrastable systems are machines- 
for-survival — and they do indeed survive. 
The operations within the functional sub- 
systems which produce this survival beha- 
vior are social mechanisms, including the 
socialization to a particular belief 
structure and a complicated set of conven- 


tions, norms, values, rules and regulations, 


and so forth. 

It is important to society, of course, 
that its social institutions do have such 
solidarity, that they are ultrastable. 
Although this characteristic may impede 
social reforms, it is what gives the 
prevailing social system its strength. 
Society would be constantly on a threshold 
of chaos if its institutions could be 
toppled under the pressures from anarchists 
or maniacs, or even through the incompet- 
ence of individuals concerned with the 
operations of the subsystems [8]. 
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Implications of ultrastability for social change 


Social reformers who have achieved a degree 
of success in dealing with esoteric func- 
tional subsystems have done so either by 
operating on the inputs or by introducing 
new states to the structure of the subsys- 
tem. 1 
An ultrastable system, especially one à 
which is esoteric, specializes in equilib- 
rial readjustment. To the outside observer, 
these adjustments may seem to require no 
actual alteration in the macrosystemic 
characteristics for which he is trying to 
bring about change. Modern social institu- 
tions seldom need to ‘beat off an attack! 
by the actual exercise of force; only 
unstable systems react in this manner. As 
Beer has observed, reformers seldom are 
sacked and still less often burned at the 
stake. This is a measure of the extent to 
which functional subsystems have developed 
self-sustaining devices to maintain ultra- 
stability. 

However, even though social reformers 
may not achieve success in their own terms, 
their efforts may result in certain 
‘'reforms' within the system. Application 
of Le Catelier's principle of equilibrium- 
seeking systems reveals one very important 
limiting effect; faced with an outside 
disturbance, certain processes within an 
equilibrium-seeking system may act in 
reverse [9]. Thus a functional subsystem 
may maintain its stability and from the 
outside, may look very much the same but 
the extent of the internal changes within 
the subsystem (and the implications of 
these changes), may not be realized, 
Despite these internal changes, the subsys- 
tem has maintained its over-all integrity 
(i.e. its states have remained the same or 
nearly the same). If the necessary reforms 
required that the particular subsystem be 
abolished, or that new states of behavior 
be adopted, or that a merger take place 
with other subsystems to produce a new 
social configuration, then the impact of 
the disturbance (the attempts at social 
reform) has not achieved the desired 
results. In fact, the reversal of the line 
of behavior may have an even more detri- 
mental impact on the broader society than 
the operations of the subsystem prior to 
the efforts of reform. 

An example might be drawn from our legal 
institutions. Suppose that the desired 
reforms relate to the manner in which the 
judicial system dispenses justice in 
criminal litigation. The principle that 'a 


man is innocent until proven guilty' might 
be represented by the system before the 
disturbance and the principle that ‘a man 
is guilty until proven innocent! might be 
the consequence of the system's operations 
after the disturbance, The structure of 
the justice might remain unchanged (the 
available states of the justice system 
might remain constant); however, the pro- 
cedures of litigation would be quite dif- 
ferent. 

In general, cybernetic theory would 
predict three characteristic outcomes 
(ultrastable responses) by functional sub- 
systems (social institutions) to serious 
disturbances: 

1. the social institution survives as an 
integral subsystem; it still is rec- 
ognizable as the original esoteric 
functional subsystem; 

2. the social institution maintains equi- 
librial relationships with other func- 
tional subsystems, although the form 
of these relationships may change; or 

3. extensive realignments within the 
functional subsystem may. be required 
to achieve integral survival of the 
institution in society; in particular, 
these adjustments may involve actual 
reversals of internal roles or in the 
specific conditions whereby the role 
is defined in terms of the variable 
most responsive to changes in the 


broader environment. 
Formal 
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Fig.3 The functional subsystems involved in the socialization process 


Relationships among functional subsystems 


Most identifiable activities in modern 
society may be described as a collection 
of functional subsystems connected together 
under some set of rules, and thereby con- 
stituting social metasystem [10]. For 
example, the process of socialization 
involves a series of functional subsystems, 
respectively called "primary groups", 
‘formal education', and ‘secondary organi- 
zations' (see Fig.3). Each of these broad 
functional subsystems, in turn, might be 


depicted in terms of a chain of esoteric 
black boxes. For example, the functional 
subsystem of ‘primary groups' might be fur- 
ther divided into the family, peer groups 
and other primary social groups; the formal 
educational subsystem might consist of 
elementary and secondary schools, the uni- 
versity, and vocational training programs; 
the broad functional subsystem labeled 
‘secondary organizations' involves employ- 
ment activities, voluntary organizations, 
formal organizations, such as religion, 
legal institutions, and so forth, and 
other formal groupings which comprise an 
individual's "community". 

The socialization process requires that 
each individual pass through these func- 
tional subsystems, and within each a series 
of operations are performed. There are 
various regulators which connect these 
functional subsystems and the esoteric 
boxes within each subsystem (the solid 
arrows in Fig.3). These regulators serve 
to determine which individuals have the 
appropriate credentials to pass from one 
box to another. 

Should the established rules turn out to 
be unsatisfactory or promote undesirable 
social behavior, then characteristically, 
the society will attempt to change the 
regulators. For example, the education 
subsystem — as presently constituted — 
fails to fully meet contemporary social 
needs or to exploit what now is techno- 
logically possible. It follows that much 
adjustment can be made in the regulators 
that operate between the various elements 
within a functional subsystem. 

Concerning the feedback mechanisms 
between functional subsystems (the dashed 
arrows in Fig.3), schools are developing 
new concepts of the upper years of second- 
ary education which reach out towards the 
university; universities are developing 
concepts of a ‘foundation year' which 
reaches back toward the secondary schools, 
In short, attempts are being made to 
bridge the gap between two esoteric boxes 
within the functional subsystem of educa- 
tion without impinging on the integrity of 
either. Schools and universities also may 
reach out towards the employer by insti- 
tuting 'vocational courses! to prepare 
individuals for their chosen career or to 
retrain workers to new careers. Employers, 
in turn, may institute various training 
schemes to ‘retread' worker skills, to 
‘orient' new employees, to increase leader- 
ship potential, and so on in order to pro- 
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vide an orderly transition between formal 
schooling and employment or to facilitate 
‘continuing education'. These are explicit 
attempts to bridge the gap between employ- 
ment and formal education without compromi- 
sing either the sanctity of the schools or 
universities in terms of the pursuit of 
knowledge itself, or the objectives of 
business to make a profit. 

Linking together a series of functional 
subsystems to form a social metasystem, 
the result should be more than the collect- 
ive attributes of the individual social 
institutions. "Something more' essentially 
refers to what, following Hegel, could be 
called a higher-order synthesis, The 
resulting social metasystem should be 
capable of survival when its component 
institutions (despite their ultrastability) 
finally fail. The question remains as to 
the mechanisms which connect, structure, 
and control the relationships among the 
functional subsystems in such a way that 
an interdependency emerges which is greater 
than could be assumed by mere association 
between them. 


The social metasystem and a superior authority 


Stafford Beer has suggested three rules 
governing the relationships among esoteric 
subsystems [11]. Although they may be 
linked by certain regulatory mechanisms, 
functional subsystems still remain free 
agents, Thus, relationships among function- 
al subsystems can be ignored or recognition 
can be given to their membership in some 
identifiable metasystem. If the latter 
approach is chosen, a further alternative 
exists: component subsystems can act 
responsibly only to their own initiative, 
which may mean repelling contiguous sub- 
systems with which transactions are desir- 
able; or they can act responsibly towards 
society at large and undertake to develop 
harmonious relations with those component 
units to which they are linked. This set 
of alternatives provides the first rule of 
behavior among the component parts of a 
system: a functional subsystem may be 
recognized as part of a higher-order sys- 
tem, thus affecting its behavior at the 
interface with other subsystems; sensible 
collaboration may be actively sought or 
rejected, 

Since the integration of key social 
institutions is important to the over-all 
well-being of the society, it may be neces- 
sary for a superior authority to influence 
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the situation by intervening in a defini- 
tive way. In the case of public institu- 
tions, this "superior authority! most oft 
is government. This leads to a second rulei 
a string of functional subsystems may be 
subsumed by a superior authority under a 
single controller, the intervention of 
which is rationalized and then used to 
optimise the integral behavior of the 
functional subsystems. À decision to unite 
the component elements of the educational 
system under a single state department of 
education serves as an example of this 
autre 

A third mode of conduct is possible — 
which, in reality, is a sophisticated ver- 
sion of the second, although it operates 
quite differently. This thirdrule"again 
involves a superior authority, but it 
takes account of the fact that in contempo-* 
rary society the excessive application of 
the second rule — that is, direct interven-« 
tion by a superior authority — frequently 
leads to negative repercussions. Thus, the 
superior authority, professing to facili- 
tate rather than intervene, may establish 
eminent bodies or blue ribbon commissions 
to ‘lubricate' the interfacesubetweeñiitne 
various functional subsystems [12]. 

From a ‘"gamesmanship' point of view, any 
superior authority should first attempt to 
deploy first-rule mechanisms — which by 
definition cannot be applied directly but 
must be induced in roundabout ways. The 
next best strategy is to apply the second 
rule (because it is effective) masquerading 
as the third rule (because it looks better) 
There is an inherent danger in this latter 
approach, however. Organizations establi- 
shed under second-rule mechanisms (whether 
or not they are cloaked in the more accept- 
able mantle of the third rule) have a way 
of becoming very powerful. Therefore, to 
ensure that such regulatory organizations 
do not create an undesirable imbalance in 
the affairs of social institutions, a 
further strategy often is evoked: second- 
rule organizations are created in pairs 
and arranged so that stated objectives and 
actual participants operate in such a way 
as to produce opposite, counterbalancing 
(and at times, mutually canceling) out- 
comes, 

These methods allow functional subsystems 
to maintain their integrity, while convey- 
ing the hope to the society that adaptation 
to all kinds of change will result. The 
consequence, however, is that the manifest 
need for control and regulation in complex 


situations is not being met. As Beer has 
observed, the rules of the game provide a 
perfect excuse for avoiding drastic action 
(on the ground that the society might col- 
lapse if more drastic actions were taken), 
to pursue a strategy of disjointed incre- 
mentalism [13], and to justify this strat- 
egy by a flurry of specious activity which, 
in fact, is designed to deal with symptoms 
rather than the root causes of problems in 
urban society. 


_ The need for a true metasystem 


This discussion points up the dilemma 
facing contemporary society. It is impera- 
tive that the integrity of functional sub- 
systems be maintained and strengthened. 
These functional subsystems, in turn, 
constitute the building blocks of higher- 
order systems (and society itself), and it 
is in the interest of these higher-order 
systems that the integrity of social insti- 
tutions becomes threatened. To implement 
more extensive controls and regulations 
ill-advisedly might result in the demise 
of social institutions vital to the well- 
being of the total society. On the other 
hand, unless efforts to redefine the meta- 
system — and therefore the roles of the 
functional subsystems — are successful, 
the crisis in our contemporary urban 
society will continue to mount, brining us 
closer to the threshold of chaos. 

Two major challenges — both of which are 
contemporary issues never before confronted 
by Society — give rise to the need for a 
true metasystem. The first is the collapse 
of both religion and respect for temporal 
power, and the second is the rise of 
technology [14]. The term 'religion', as 
used here, should be viewed in the context 
of a set of beliefs and attitudes which 
binds (ligure) mankind together to achieve 
some higher purpose. 

Religion once gave society a genuine 
metasystem which supported the interrelated 
social institutions in such a way that each 
functional subsystem was linked to the 
systemic framework. À broader ethic was 
conveyed from the metasystem to govern the 
operations of social institutions. Today, 
because the functional subsystems maintain 
theipantegrity, there is a tendency still 
to acknowledge the metasystem and to 
Asus continued ‘influence. Increas- 
ingly the public at large, and especially 
the young public, do not accept the 
‘binding influence! of this ethic. Actually, 


it is not so much an outright rejection of 
the ethic, as it is a questioning of 
realities of contemporary practices in 
light of this ethic. 

Few would dispute the fact that our 
society is experiencing a technology revo- 
lution. However, it must be recognized 
that the structure and operations charac- 
teristic of every social institution are 
conditioned primarily by the technology 
available to its purposes at the time it 
takes shape and form. In most cases, con- 
temporary technology is far different from 
that available to these functional subsys- 
tems in their formative stages. Given 
today's technology, there is no knowing 
what the most suitable configurations 
within these functional subsystems would 
be, even for their own self-serving pur- 
poses. And because functional subsystems 
resist any attempt to redefine their roles 
— because they are ultrastable — the full 
potential of technology has not been 
realized. 

In contemporary society, established 
practices appear to be adrift in two dimen- 
sions simultaneously. Modern technology 
has not been properly related to the vari- 
ous functional subsystems. At the same 
time, the genuine metasystem of authority 
(which provided the basis for most func- 
tional subsystems) is rapidly disappearing 
and withvit,} 1ts ethical language. The 
metasystem of power which remains turns 
out to be spurious — and no real metasystem 
at all. The society is faced with a set of 
outmoded, possibly archaic, functional sub- 
systems, whose modus operandi is governed 
by anachronistic technology [15]. These 
functional subsystems are strung together 
not in a true metasystem, but in accordance 
with rules which themselves are the product 
of a functional subsystem: the social 
institution of status quo. 


Society as a polystable system 

A fundamental concept in cybernetic theory 
is that of difference, either that two 
things are recognizably different or that 
one thing has changed with time. In the 
first instance, difference refers to those 
characteristics or parameters which set 
apart one system from another. In the 
second case, the differences are internal 
to the system, occurring over time. When 
such changes take place it is said that 
the system has moved from one state to 
another, a state of a system being any 
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well-defined condition or property that 
can be recognized if it occurs again. 
Every system can have many possible states. 
While any society may exist in a variety 
of states, for purposes of analysis, a 
society may be conceived as operating in 
three main sets of states. There are those 
states which merely sustaïin the society; 
there are those which result in growth and 
adaptation; and there are those states of 
crisis of one kind or another. As shown in 
Fig.4, there is more than one equilibral 
state in each of these sets, and some 
cycling will occur. Therefore, any society 
can be conceived as a polystable system. 


Growth and 
adaptation 


Sustained 
activity 


e 
N° Crisis 
e 


Fig.4 Society as a polystable system 


As long as the cycling which occurs is 
kept within reasonable bounds, no harm is 
done. Further, some alteration between the 
growth mode and sustaining activities may 
be beneficial, as when the society attempts 
to ‘'consolidate the gains' achieved through 
'progress'. Some states of the system, 
however, are near the boundaries of crisis. 
If proper care is not exercised in respond- 
ing to pressures at these boundaries, the 
society can end up in the trapped state of 
crisis — where every attempt to get out 
leads straïight back in. Eventually, some 
kind of regulatory mechanism must be intro- 
duced to realign the states of the system; 
it no longer is possible to simply yield 
to pressures in the trapped state. Thus a 
society, to remain viable, must offer 
avenues for social reform — for planned 
change. 

In a polystable system, the interaction 
of error-actuated feedback at every level 
determines the dominant behavioral charac- 
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teristics. This phenomenon is somewhat 
analogous to the ‘"pendulum effects! which 
can be observed in contemporary society — 
a swing too far to the left is countered 
by a swing to the far right. In a closed 
system, a pendulum will oscilate in 
decreasing arcs until a point of equilibri- 
um is achieved, In an open system, however, 
forces may act on the motion of the pendu- 
lum such that equilibrium is never attain- 
ed. In fact, these forces may result in an 
amplification of the pendulum's arc. In. 
such cases, it is difficult to predict 
outcomes or to intervene in the system to 
predictable ends, Thus society today may 
become entrapped in a potential state of 
CEISTSe 

It has been suggested that social reforms 
have met with a degree of success when 
they have dealt with the inputs to a sys- 
tem or have attempted to introduce new 
states into the structure of thesystem. 
Conversely, such reform efforts have been 
frustrated when they have attempted to deal 
exclusively with the existing structure of 
the system or the ongoing processes, One 
of the most important contributions to be 
derived from cybernetic theory, however, 
is that any system is rapidly dominated by 
its error-actuated feedback rather than by 
its inputs [16]. Therefore, the most 
critical component of any system is its 
structure. The inputs to a system may be 
varied over a wide range; the parameters 
of the system may change; the functions 
which characterize the behavior of elements 
within the system may be tranferred over a 


broad spectrum. As long as the systemic 
structure remains unchanged, the critical 
outputs of the system remain invariant. 


This conclusion assumes that the structure 
of a system is hierarchical, exceedingly 
complex, full of interaction, and rich in 
negative feedback to permit self-correcting 
action. If these assumptions are valid, 
then it is primarily the structure — the 
basis on which a system is organized — 
which conditions its characteristic beha- 
vior. Therefore, social reforms — planned 
change — must be directed primarily toward 
the introduction of new states op the 
structure of the system. 

To date, the planning process required 
to bring about these objectives has not 
been sufficiently developed or understood; 
this is a further consequence of the 
absence of a genuine metasystem in which. 
to plan. Instead, planning has been relega- 
ted to the level of the functional sub- 
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systems — land use, housing, transportation, 
comprehensive health, law and criminal 
justice, and so forth. As a consequence, 
‘planning' has become a pejorative word in 
many circles. Planning is not seen to be 
rising to the needs of the total society. 
Moreover, the coordination of the various 
planning processes operating at the level 
of the functional subsystems has become so 
complicated that it has ground to a screech- 
ing halt. The desire to preserve initiative 
at every functional level has resulted in 
an incapacity to show initiative anywhere. 


A possible solution to the current dilemma 


Problems of our contemporary urban society 


must be tackled at the level of the meta- 


system. This is quite different than saying 
that these problems should be attacked on 

a broader front. To say, for example, that 
a given functional subsystem should be 
redesigned from start to finish is likely 
to produce little in the way of immediate, 
positive results for the total society (the 
metasystem) [17]. 

On the contrary, the adaptive and self- 
organizing propensities of various func- 
tional subsystems should be capitalized 
upon, and their professionalism, knowledge, 
and energy should be harnessed [18]. To do 
this, it would be necessary to create an 
environment in which the functional sub- 
systems do become defensive using up their 
potency in internal adjustments and efforts 
to retard change. Instead, a conceptual 
framework must be created so that the 
organizing power of the subsystems them- 
selves can be released to produce effective 
change. 

To begin to understand the complexities 
of urban systems dynamics would suggest a 
need for dealing with a corresponding 
adaptiveness or teleological behavior 
Within such a conceptual framework. Wiener 
discusses the concept of purpose and goal- 
directedness in terms of progress. He 
asserts that man's progress can be defined 
through his discovery of ‘new techniques 
for controlling the human environment! [19]. 
Wiener's concept for dealing with purpose- 
ful behavior, in cybernetic terms, relates 
to the idea of ''decreasing entropy in a 
framework in which the large entropy tends 
to increase!' [20]. More specifically, it 
is his thesis that the physical functioning 
of open systems and the operation of some 
of the newer devices of communication are 
precisely parallel in their analogous 


attempts to control entropy through feed- 
back. 

Thus it may be suggested that the urban 
system, in its broadest definition, may be 
modeled in a manner utilizing the general 
concepts of feedback. A product of this 
modeling would involve the control of 
entropy of interconnected functional sub- 
systems comprising the urban system. The 
resulting control device — which for the 
purposes of discussion will be labeled the 
Metasystemic Planning Mechanism — involves 
an application of basic concepts of systems 
theory in conjunction with the cybernetic 
concept of feedback. The model is a deter- 
ministic attempt to explain the character- 
istic stochastic behavior of urban systems. 
Particular concern is directed toward 
control and regulation of urban systems in 
a planning sense. As Kormandy has suggest- 
ed: ‘Man's hopes and chances..... lie in 
the regulation of the changes that he, as 
a natural and integral part of the land- 
scape, induces..... The future depends on 


man's intelligence to develop a body of 
knowledge about such management regulation 
and on the wisdom which few now have to 
apply that knowledge! [21]. 


Control and regulation 


The regulatory capacity of the urban system 
can be modeled initially in terms of cyber- 
netic feedback couplings. Defined by Ashby, 
coupling occurs as fl'reciprocal circulatory 
action in dynamic systems'' [22]. Simply 
stated, feedback is output which subsequent- 
ly is re-used as input into the system. It 
is precisely on this process that the 
Metasystemic Planning Mechanism must be 
designed to operate. Complexities within 
the urban system must be 'monitored' in a 
manner which will lead to a recognition of 
the interdependence and coupling of func- 
tional subsystems comprising the larger 
urban system. As changes occur in the out- 
put of one functional subsystem, reciprocal 
changes in the inputs to all other sub- 
systems must be identified and implemented. 
To begin with a very simple model involv- 
ing feedback, Fig.5 illustrates the 
assumed relationship outlined previously 
between ‘the public' and any given func- 
tional subsystem. Expressed public demands 
are identified by the functional subsystem 
and an attempt is made to meet these 
demands. When the supply of services does 
not match up with the level of demands, 
however, a process which cyberneticians 
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Fig.5 Interaction between expressed public demands and a 
given functional subsystem 


call 'error-actuated negative feedback! 
occurs, so that on subsequent attempts to 
supply demanded services, the subsystem 
may more closely approximate the actual 
level of demand. As outlined previously, 
public demands may also be monitored by a 
superior authority (e.g. government) which, 
in turn, takes steps to facilitate or 
inhibit the operations of the functional 
subsystem. 


The coupling of functional subsystems 


In elaborating further on the components 
of the Metasystemic Planning Mechanism, 
one specific principle must be cited: ''Two 
(or more) systems may be joined so that 
they act and interact on one another to 
form a single system!" [23]. Applying this 
as a basic hypothesis, a number of sub- 
systems may be defined which together form 
the urban system. Although such a "system 
of subsystems' is extremely complex, as 
Ashby stated, ‘'what is important is that 
complex systems richly cross-connected 
internally have complex behavior and that 
these behaviors can be goal seeking in 
complex patterns'' [24]. 

The level of complexity, however, 
increases significantly as the number of 
subsystems increases. For example, if 
three subsystems are connected or coupled 
to form an interacting network, only three 
distinct circuits between and among these 
subsystems would result, If four subsystems 
are coupled, twenty distinct circuits 
would result; the coupling of five subsys- 
tems produces 115 distinct circuits; six 
subsystems, when coupled, yield 714 cir- 
cuits; and so forth, In general, the number 
of distinct circuits produced through 
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coupling is equal to (N' - N), where N 
equals the number of subsystems. 

While the increasing complexity of 
couplings arising from increasing numbers 
of subsystems presents a formidable prob- 
lem, the interdependencies between each 
subsystem can be described in a somewhat 
more dynamic sense. In cybernetic terms, 
fundamental coupling occurs between 
elements (subsystems) in two series, one 
of which is parallel, and results in two 
feedback couplings, as shown schematically 
in Fig.6. Simply stated, Fig.6 represents 
a relationship in which the output of one 
subsystem becomes the input of another; at 
the same time, the system's output becomes 
a part of its own input through the mecha- « 
nism of feedback. It is this fundamental 
relationship which will be utilized to 
establish the model of coupled functional 
subsystems,. To obtain a model which is 
relatively complex and yet visually under- 
standable, four functional subsystems will 
be shown (Figs 7 and 8). 


output 


Fig.6 Fundamental coupling between two subsystems 


Explanation of the model 

Within the model, the input (a) of each 
functional subsystem is influenced by the 
output (c) of each of the other three sub- 
systems, as well as by its own output. 
Consequently, the output of each subsystem 
also serves as inputs to the other sub- 
systems [25]. In terms of structure, each 
functional subsystem contains its own con- 
version mechanism (b). Each subsystem 

also may be differentiated independently 
from the other three subsystems [i.e. each 
subsystem has its own internal structure 
(1) and processes (2)]. 


The environment (E) warrants particular 
clarification. The interconnected feedback 
relationships of the functional subsystems, 
taken together, define the entire urban 
environment. Thus, environment (E) is best 
described as the behavior of the system as 
a whole, that is to say, all (E) included 


Fig.8 Three-dimensional representation of four subsystems 


outside of the system is defined through 
the feedback behavior (F) of that system 
(in these terms (E) and (F) actually are 
functions of the behavior of the system 
itself). This latter construct gives 
explicit recognition to the position taken 
by Forrester in his latest treatise on 
World Dynamics: 
MTo illustrate the importance of the 
| reference framework, we will here consi- 
der three possible settings within which 


to consider urban problems. First is to 
consider each urban system separately; 
this means that pollution, housing, 
transportation, health, safety, organiza- 
tion of government, planning, and finance 
would be considered as if they were 
separate subjects that can be discussed 
without reference to one another. Second 
is to consider the city as a social sys- 
tem that exists in a neutral environment; 
in other words, the city is a system that 
can be considered without its impact on 
the nation and world around it. Third, 

is to consider the city as a subsystem 
within a nation or the world in which 


the frame of reference is a fixed space 
and a set of limited resources.''[26] 


Feedback (F) refers to the over-a1l1 
behavior of the urban system. It is that 
point in time where the state of the sys- 
tem is defined, i.e, the parameters of the 
System and the conditions which prevail 
within these parameters. Recognizing that 
the system is stochastic, (F) may stabilize 
or regulate the system's behavior, This 
process of regulation may occur at any 
point within the system, depending upon 
the capacity of the regulator. 


Goal setting and social accounts 


The present metasystem is one in which 
governmental effectiveness has lacked 
credibility. The resources of society have 
been allocated through social programs in 
related functional areas, Programs of 
resource allocation have been directed 
toward particular clientele groups without 
proper attention to their effects or impli- 
cations on other participating groups in 
the society. The needs of society, express- 
ed through legislation and social institu- 
tions, have been inadequately perceived or 
expressed, resulting in programs that have 
been piecemeal and remedial in scope and 
ad hoc in formulation. This misallocation 
of resources has resulted in social up- 
heavals, reflecting the inadequate structu- 
ral arrangements of the functional sub- 
systems entrusted with setting society's 
priorities. Governmental effectiveness, 
measured in how it allocates resources, 
needs to be guided by a set of societal 
goals agreed upon after careful analysis 
of society's needs. More specifically, by 
the use of social accounts, the policy 
formulation process can base its goal 
evaluation on the feedback of social indi- 
cators. Societal goals could result 
partially from the input data collected on 
the conditions of society, data that should 
be multi-disciplinary in scope and inter- 
governmental in character. These social 
accounts would form part of the basis of 
evaluation of society's wants and needs 
and would fill gaps not normally perceived 
at the level of governmental institutions 
and would complement the existing institu- 
tions of public representation — legisla- 
tors and clientele groups. 

The ultimate functional outcome of such 
a process would be the addition of a new 
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institution devoted to the formulation of 
societal goals and would act as an aid to 
the existing network of goal perception. 
Social programs thus would reflect not only 
current avenues of public expression, but 
also a holistic expression of society's 
needs through the framework of a more com- 
prehensive evaluation procedure. 


Resource allocation standards 


The cultural underpinnings of society form 
the basis for its structural arrangements. 
Society and its internal processes reflect 
these cultural patterns, and they must be 
taken into consideration in analyzing how 
society sets standards for resource alloca- 
tion. The American ethic of individualism, 
formed during an era of rapid material 
advancement, conflicts with the present 
realities of society. The ethic of private 
interest served to advance the culture 
materially and socially. The rights of 
private property and the sanctity of 
private interests were legitimized in the 
Constitution. But the insistence of society 
on the private interest has left the area 
of common interest neglected. The preoccu- 
pation with earning wealth and welfare 
through hard work left certain members of 
the society serving the money earners. The 
resulting irregularities were looked upon 
as a consequence of personal slothfulness 
or excused by hoping that tomorrow would 
bring greater equality. Society, thus, 
lacked a common purpose that was reflected 
in its institutional arrangements. 

Due to its parochial ethic, the metasys- 
tem has not kept pace with the advancement 
of technology and so has neglected the 
reformation of its social institutions 
that advanced technology demanded. The 
burden of adapting to progress and change 
was left to the individual who could not 
reconcile the fact that the private inter- 
est ethic was working to his detriment. 


Society could not ask its social institu- 
tions to resolve its contradictions and 
make sense of them. Clearly, the private 
interest ethic of the culture could not 
handle the effective allocation of 
resources demanded by the technologically 
advanced state of the society. 

The neglect of a philosophy of control 
of resources and the cultural anathema to 
any control other than private interests 
has alienated members of the society and 
has resulted in the present misallocation 
of resources. Even members of society who 
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originally constituted the backbone of the 
work-earn ethic ironically have been left 
to flounder between the recent social pro- 
grams directed at the poor and the afflu- 
ence of the rich. The uncoordinated action 
of present social programs results in 
wastefulness and overlapping of objectives. ! 
These programs must be coordinated to 
reflect the needs of a total society in 
all areas of social action. The question 
posed is three-fold — what must be done, 
how to do it, and in what way — in order. 
to achieve the complex resource allocation 
programs society demands. 


The metasystemic planning mechanism 


Having described the "normal! relationships « 
which are assumed to exist between express- 
ed demands of society and the various 
functional subsystems, having illustrated 
the manner in which these functional sub- 
systems should be coupled, and having 
raised certain questions concerning the 
present approaches to goal formulation and 
resource allocation, it now is possible to 
examine the Metasystemic Planning Mechanism 
and its role in providing control and 
regulation to the urban system. In its most 
elementary terms, the Metasystemic Planning 
Mechanism consists of five interrelated 
(coupled) elements, as shown in Fig.9. The 
first component element of the Metasystemic 
Planning Mechanism is the ‘meta model! of 
society. This meta model is the principal 
device for translating the functional 
imperatives and functional pre-requisites 
of the society into more tangible terms — 
it is an explication of the=waluessypstenr 
of the society. Clearly, the ‘meta model! 
must be built incrementally; however, 
considerable information currently is 
available in various disciplines to provide 
the basic framework for the first iteration 
of this model, 

Both expressed and unexpressed demands 
of the broader society are monitored by 
the meta model, Through a system of social 
accounts, these demands are translated 
into more concrete specifications of 
societal needs. Social accounts form a 
necessary part of a societal review of 
goals. They can act both as catalyst and 
innovators for change and vetoers of pro- 
posed system states. They also can be 
used for the assessment of effectiveness 
of resource allocation programs, 

It should be noted that the meta model 
has an interface with the superior authori- 
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Fig.9 The metasystemic planning mechanism (Dashed lines indicate error-actuated negative feedback) 


ty, which in turn provides inputs to the 
specification of needs. The meta model 
also is linked to the system of regulators 
currently applied to govern the interface 
among the functional subsystems. This 
system of regulators is modified both by 
the inputs of societal demands and needs 
and the interpretation of these demands as 
they are processed through the meta model. 

Specification of needs in the metasystem- 
ic planning mechanism produces two major 
outputs: one which flows into the fifth 
element of the mechanism — involving the 
specification of performance standards; 
and the second which interacts with the 
various devices available to the superior 
authority for the facilitation or inhibi- 
tion of the activities of the functional 
subsystems. The specification of perform- 
ance standards also receives inputs from 
the system of regulators, and in turn, 
this element interacts through error- 
actuated negative feedback with the various 
functional subsystems. 

One final input-output relationship 
should be noted. This is the link between 
the specification of performance and the 
specification of needs (which is designed 


to establish the parameters within which 
such needs can be met in terms of the 

‘system readiness' of the society). This 
link also is coupled with the meta model 
through error-actuated negative feedback. 


Spatial needs within the urban system 


To illustrate further the application of 
the Metasystemic Planning Mechanism to the 
analysis and planning of urban systems, a 
brief examination can be made of urban 
spatial needs. For the purpose of this dis- 
cussion, the urban physical environment 
can be viewed as a complex set of elements 
and related processes (functional sub- 
systems) through which spatial needs are 
met (assuming positive and negative cri- 
teria can be applied) in terms of an 
identifiable set of relationships. Further- 
more, this set of relationships defines 
categorically the identifiable types of 
space within the urban environment. For 
simplicity and convenience, this set of 
physical, spatial categories may be 
presented in terms of spatial functions, 
as follows [27]: 

S1 = Residential Space, 
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S) = Space for Consumption (retail and 
wholesale trade, service activities, 
etc.) 

S3= Space for Production (manufacturing 
and extractive industries, etc.) 

Sy = Space for Circulation, 

S5 = Open Space (including undeveloped 
space), 

Sg = Cultural Space (including all insti- 
tutional space), 

where S1+S2 +.....+Sç = all components 
of the urban physical environment, 

Adapting S1 through Sç as functional sub- 
systems of the urban physical environment 
provides a framework upon which a model 
may be built. Utilizing 'harder' systems 
terminology, the model herein suggested is 
analogous to a ‘'multi-level, multi-goal, 
teleological structure'' [28]. 

A functional subsystem as a self-organis- 
ing system changes internally in response 
to external inputs (in the case of the 
functional subsystems of the urban physical 
environment, the inputs come from other 
major components of the urban system — 
economic, political, social, behavioral — 
as well as the broader environment). The 
functional subsystems change internally 
(in terms of structure and process) in an 
attempt to pursue (or achieve) certain 
goals. Here the goals may be related to 
the functional subsystems S,....Sç and may 
be specific to each. These goals operate 
in hierarchical relationships with each 
other and with the goals characteristic of 
other functional subsystems. Each of the 
functional subsystems interact through 
feedback loops within the Metasystemic 
Planning Mechanism in a manner dependent 
upon the structure of their constituent 
elements and their component goals. 

Two forms of interaction are characteris- 
tic of processes of the urban physical 
environment : 

1. Internal goal interaction — the extent 
of achievement of particular goals, 

which, in turn, depend on the success 
achieved in some other goals. 


2. External goal interaction and communi- 
cation — the manner in which goal- 
seeking units within one major compo- 
nent of the urban system interact with 
goals of the other components. 

For example, the residential subsystem (S:) 
necessarily would interact with S; through 
Sg of the urban physical environment 
(internal goal interaction); at the same 
time, S1 is influenced by and dependent 
upon goals and components outside the 
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physical environment, i.e. inputs from the 
political, economic, social, and behaviorak 
components of the urban system (external 
goal interaction). 

These two types of interaction are 
illustrated schematically in Fig.10. The 
production of housing units is considered. 
as one input (x,,) of the residential sub- 
system. This input could be considered as 
a consequence of a goal [61 (1)] defining 
the residential subsystem, i.e. the demand 
for adequate housing by and for those who 
are in need of basic shelter. This specific 
activity, in turn, is influenced by inputs 
from other major components of the urban 
system, i.e. behavioral design criteria, 
social trends, political and economic 
constraints, and so forth (constituting 
external goal interaction). Internal goal 
interaction, for example, would be descrip-« 
tive of G1 (1) working simultaneously with 
the goal unit G,(2) (i.e. a component goal 
related to the consumption of housing 
within the physical environment). Some 
overriding goals of the society (g and G 
may be seen as the linking factors which 
tie Sy1 and Sy2 together. In this case, 
the demand for more and/or better physical 
facilities, both residential and commercial, 
within an urban system might comprise the 
goal gp. When Sy1 and Sy2 operate together, 
the external goàl interaction becomes 
primary. 
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Evaluation of the metasystemic planning mechanism 


Particular attention should be given to. 
what could be definite functional limita- 
tions of the Metasystemic Planning Mechan- 
ism as described in this presentation. In 
discussing stability in cybernetic terms, 
Ashby states that [29]: 

1. Stability within a system is a 
property of the whole system and 
cannot be assigned to a component of 
the system. 

2. To know that two systems when separate 
were both stable (or unstable) is to 
know nothing about the stability of 


the system formed by their junction. 

3, Adaptive behavior is equivalent to 
the behavior of a stable system, the 
region of stability being the region 
of the phase-space in which all the 
essential elements or variables lie 
within normal limits. 


where Sy:identifies the physical subsystem 
DT ee 


Fig.10 Goal interaction in the physical-environmental subsystem 
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L se within the ''Planning Mechanism! (outputs used as inputs)... 

x and y are inputs and outputs defined within the physical subsystem... 

G represents goal seeking units under each subsystem component and at 
various hierarchical levels (G1 ... Gp) ... 

g represents goals characteristic of each of the subsystem components. 


With regard to Ashby's first two state- 
ments, as defined in the Metasystemic Plan- 
ning Mechanism, stability is only applied 
to that of the entire metasystem. It is 

the function of regulation and the process 
of feedback (F) which determine the state 
(i.e. stable or unstable) of the metasys- 
tem. With regard to Ashby's third statement, 
the "adaptive behavior'' of the Metasystemic 
Planning Mechanism necessarily would be 
defined by certain ‘normal limits'". 
Conceptually and operationally, these 
limits should be defined and formulated 
through the establishment of social 
accounts, 

Some of the inherent 'dangers' of feed- 

back processes must be recognized: 

1. Over-responsive reactions, resulting 
from inappropriate regulation from 
any particular change in the system. 

2. Oscillation and flooding, resulting 
from too much feedback information. 
[30] 


Accepting these limitations, any evaluation 
of the cybernetic approach to the develop- 
ment of an analytical mechanism applicable 
to the urban system would depend upon [31]: 

1. The ability of the mechanism to dis- 
tinguish among the multiplicity of 
expressed and unexpressed demands in 
the society. 

2. The capacity of the mechanism to 
assess the extent to which these 
various demands will be affected by 
proposed programs, 

3. The adroitness of the mechanism in 
obtaining feedback information within 
the time available to act on such 
information. 

Maintenance of such integrity within the 
cybernetic based Metasystemic Planning 
Mechanism hopefully would lead to ''.... a 
new type of organizational feedback system, 
which in its own way might match the 
rapidly expanding bodies of technology and 
scientific knowledge as a development of 
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great value.... one which through reliabi- 

lity, accuracy, appropriateness, and speed 

of transmission of information would reduce 
the wasteful incoherence of social action." 
[32] 

One of the principal attributes of this 
approach is that the prerogatives of the 
various functional subsystems are preserved 
and the three basic rules of behavior out- 
lined previously still can operate in 
terms of the interaction among society, the 
superior authority (government), and the 
functional subsystems. The superior 
authority develops sets of decisions about 
investments and facilitates or inhibits 
the activities of the functional subsystems. 
The authority undertakes this task both by 
direct observation of operational facts and 
by a critical interaction with the Meta- 
systemic Planning Mechanism. Society 
expresses demands which the functional 
subsystems attempt to meet, and the Meta- 
systemic Planning Mechanism assesses the 
results and provides guidelines for the 
regulation and control of these subsystems. 

The introduction of the Metasystemic 
Planning Mechanism, however, provides 
additional dimensions for the assessment 
of societal needs and demands; as noted, 
both expressed and unexpressed demands are 
measured against the meta model in order 
to provide a more comprehensive assessment 
and specification of needs. The results 
also are assessed in terms of specification 
of appropriate levels or standards of 
performance as determined by an appropriate 
system of filters. 

While the Metasystemic Planning Mechanism 
illustrated in Fig.9 does not presently 
exist, the capability to do the things 
required to implement this innovation does, 
In fact, some of the relevant work already 
has been done by professional groups 
scattered throughout government, the uni- 
versities, and in industry. 

In these terms, the planner must function 
more effectively as a regulator in the 
urban system. Working in conjunction with 
the 'regulatory responses! of the political 
system, the planner could use the model to 
increase his professional understanding 
and ability. Properly organized, continu- 
ously presented, real-time displays of 
situations could be produced; together with 
the further illumination of their conse- 
quences, side-effects, and by-products, 
and the available action alternatives, If 
the Metasystemic Planning Mechanism could 
be further developed as a methodology, it 


216 


could be used for such purposes. The 

development of a genuine metasystem 

requires the courage to accept the need 
for change in the functional subsystems of“ 
our society. Such changes are demanded in 
contemporary society, and if this need is 
met, society may be capable of some degree À 


of conscious control over its milieu. 
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The problem in perspective: urban and regional planning as engineered 
systems 
Throughout the world man continues to be 
plagued by problems characteristic of 
an urbanizing pattern of population settle- 
ment. Some of these problems are pollution, 
water, air and noise, waste disposal, 
psychological stress, crime control and 
policing, transit congestion, housing 
inadequacies and education and health 
care deficiencies. Of a larger dimension 
are problems dealing with opportunities 
for increasing leisure and personally 
productive use of time afforded by urbani- 
zation. In brief, social security in 
economically, politically and physically 
secure settings raise problems of coping 
with large-scale systems in an urbanizing 
world. Such conditions exist regardless 
of differences in political, economic and 
social institutions and organization 
encountered throughout the world, It is 
curious that despite the world's techno- 
logical capability, such should be the 
case. If blame is placed on national poli- 
cies, the facts still remain. It is the 
hypothesis of this paper that, in part, 
the problem lies in failure to understand 
cybernetics and systems in real time. Too 
much mythology and ‘pale casts of thought," 
dated and marked by ‘intention! rather 
than reality, values, attitudes and 
opinion mixed with 'hopes' derived there- 
from literally prevent real time articu- 
lation and, hence, analysis of operating 
systems. In part also are more technical 
problems of dealing with large-scale, co- 
mplex systems. For these reasons, we are 
still in the dark ages. Recent interest 
in such problems is exemplified by recent 
system studies related to these subjects 
by Jay Forrester, Donnell H. Meadow, et 
al, and a British ecology group [2]. 

Key elements in cybernetics include ser- 
vo mechanisms, self-regulating elements, 
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feedback channels, processes, and activi- 
ties generated by elements processed, 
organized and related in some way through 
centres of decision to which and from 
which data flow as inputs and outputs, 
Tracing of real time input output elements 
in urban systems is, therefore, essential. 
Heretofore, the single most important 
interpreter of these data has been humans, 
themselves cybernetic systems, and, hence, 


subject, themselves, to the faults of 
being unable to observe real time. Auto- 
mated information processes, for the 
most part, including remote sensing and 
computer technology, are programmed by 
these same humans and, therefore, are 
subject to the same limitations. In a 
sense, then, all observations are in the 
past and clouded by intent. To understand 
is, itself, a dated concept, at least, 
one step removed from the real world. It 
is, therefore, essential to recognize 
the significance of abstraction for what 
it is: an attempt to seize, in a more or 
less linear fashion, an obviously non- 
linear multi-dimensional, multiple system 
real world. Abstraction is an intellectual 
apparatus testable only by rules for 
measurement devised by minds obviously, 
themselves, formed in cybernetic ways. 
Abstract systems have been constructed 
for centuries. These, themselves, became 
the building blocks of value, attitude, 
and action motivation. Image generation 
becomes embodied in dominating ideologies 
blocking access to the real world. Sense 
perceptions, themselves, are programmed 
by the internal cybernetic systems of 
individuals. These perceptions are 
inputted and processed in the human 
system through filtered experience. Hence, 
true 'happenings' or occurrences in the 
aggregate or macro-scale can be experienc- 
ed only through differentially experienced 
sense perception. Further, aggregate 


effects differ significantly from the sum 
of elements composing subsystems. Problems 
of decomposition and aggregation are, 
therefore, difficult. Individual manifes- 
tations conflict with larger systemic 
characteristics. Fallacies of composition 
becloud issues. Thus, problems of aggre- 
gation and decomposition intrude on true 
cybernetic interpretation. It is clear 
that system analysis must develop new 
tools for assessing if we hope to cope 
with large scale urban systems involving 
changing and multiple action, processes 
and objectives. The dominating abstract 
systems to which man has had access are 
generally linear, physical, socio-economic 
and political in character. Hence, even 
in the most sophisticated sense, none 

are real in the operational, process and 
cybernetic sense. Yet, they are real as 
value formers, attitude generators of 
acts. 

Man-forming decisions are control ele- 
ments imposed on the real time "natural! 
systems which, themselves, are characteri- 
zed by cybernetic elements. The inter- 
action of natural systems and the linkages 
between them would, themselves, cause 
problems in human terms. Invasion into 
these natural systems of 'purpose,' human 
decision, particularly as managed image 
creating elements, complicates analysis 
of urban systems. 

Yet there is no more reason for man- 
recognized problems to be accepted as 
inevitable as a consequence of "man's 
hand' than to assume that the 'real world! 
if ‘left alone' would not generate itself 
outputs creating problems in human terms. 
Nor is it necessary to conclude that 
changing standards of performance to more 
nearly reflect 'real' conditions is a 
cleaner statement of reality. What seems 
to be called for rather is a closer 
correspondence of man-forming decision to 
real time human, non-human, and physical 
systems, For it is not true that what is 
'natural' or 'real' is necessarily 'good'. 
So long as this is so, search for 'better 
solutions! are just as important to human 
effort as is acceptance of the 'inevit- 
able', Further if man can use the analyti- 
cal abstractions of cybernetics to des- 
cribe, he can use them for developing, 
designing, and managing potential systems 
to resolive how to move from where he may 
find himself to where he ‘wants to be'. 
This is what urban and regional planning 
means. 


Appearances pertinent to cybernetic ‘management’ 


There are a number of ‘hard facts! which 
appear to govern an approach to this move. 
Tendency toward increasing clustering of 
human agglomeration, of localized concen- 
trations of population settlement appear 
to mark the world. These can be explored 
in cybernetic terms. À second appearance 
is increasing substitution of human labor 
by machine and capital. This, too, can be 
similarly analyzed, The formation of 
groups of individuals into what we may 
call social entities is a third reality 
[3]. Each such entity characterized by 
smaller social distances within the group 
as compared to other groups, can be 
analyzed through what might be called a 
field theory approach to community analy- 
sis which also can be analyzed in systems 
terms [4]. For individual membership may 
appear in many communities. Flows of infl1- 
uëènce (i.e., power) and attempts to att- 
ain power dominance are activities 
conceptualized in economic and political 
institutions, a fifth reality. Encrusta- 
tion and resistance to change characterize 
these institutions in the face of chang- 
ing technology. Each operating subsystem 
in urban concentration is hardened in the 
concretization of institutions into 
physical manifestations - buildings and 
marks on the physical landscape, a sixth 
reality. Yet, the building systems and 
localization of building in space, them- 
selves, are subject to generating forces 
different from elements, processes and 
processors of other 'activity' systems, 
Economic, social and political systems 
generate their own telos and equifinality 
states which have impacts on localization 
activities. Elements in these systems 
interface with localization and building 
Systems. Overspill, 'externality' trans- 
formations of energies or 'trashings' as 
outputs of existing systems become new 
inputs to continuously generated dynamic, 
self-organizing new systems, a seventh 
reality. Each system in this sense in an 
output of and interfaces with or is nested 
in others through time. Hence, elements 
and relational linkages of systems compo- 
nents exist in time and through time, an 
eighth reality. Feedback loops extend 
differentially through time. Channels and 
data flow are marked as much by time 
distances and dimensions as by spacial, 
physical, economic and socio-political 
distance and dimensions. Differences in 
scale of component systems is a ninth 
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reality. Scale differences measurable in 
time and other dimensions, mean that 
systems are nested within each other in 
differential time horizons. Sometimes the 
systems are linearly related. This is the 
case where smaller fluctuations indicative 
of economic activity are nested in larger 
ones. For example, seasonal fluctuation 
is embedded in cyclical and cyclical in 
secular fluctuation. Each type of fluc- 
tuation may be linearly linked, but 
amplified in a non-linear mode in the 
longer-time span system. This may be 
true even though each fluctuation is 
generated by different forces. But in 
truly urban systems, relationships are 
non-linear. The generators of systems of 
different scales may differ and elements 
may differ as may channels of communi- 


cation and points of decision. Finally, 
the existence of these realities means 
that simplification and system simulation 
fundamental to systems analysis and 
design is particularly difficult in urban 
systems analysis. 


System scale and complexity 

Cybernetic systems analysis usually begins 
with description of static structure, 
proceeds to system clockwork or simple 
dynamic systems analysis, then to analysis 
of system cybernetics, the system in 
motion. Classification of systems can, 
then, be undertaken into self-maintaining, 
closed or open systems. In public problem- 
solving, social systems and biological/ 
psychological individual systems are 
identified and their characteristics 
examined. These latter systems involve 
self-awareness and teleological behavior 
[5]. 

As analysis proceeds, systems complexity 
becomes a distinguishing characteristic 
of the subsystems embedded and interfacing 
with each other. As we move from the 
environment of this system into the system 
itself, subsystems and elements of which 
they are composed, become complicating 
and numerous. The numerosity of system 
components pose problems of complexity. 
Systém scale is describable in terms of 
system complexity, i.e., the number of 
interacting elements. 

Mathematical techniques for problem 
solution rest primarily on handling three 
dimensions, at best four. Arrow diagramm- 
ing, analytical geometry, the calculus, 
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and programming technique are at their 
best when simplifying by holding a given 
number of dimensions constant while 
allowing others to Vary, or by dividing 
problems into components, subsets, or 
subsystems,. 

Such techniques are based on the assump- 
tion that interrelated parts are more or 
less linearly related. Step-by-step 
linear approximations are used to solve 
non-linear relations. Application of 
factor analysis, multiple regression and 


variance analysis techniques attempt, 


through pure data handling, to reduce 
dimensions, Yet, the processing itself is 
limited to relative small scale operations ! 
even With the fastest, most sophisticated 
computers. While clearly, linear approxi- 


mations and subdivision, decomposition and 


linear transformations are the most 
effective techniques for dealing with sys- 


tems analysis, urban system complexity 
defies such simplification. Algebra and 
topology offer possibilities for solutions. 
Yet in dealing with multiple subsets and 
objectives, systems optimization mathe- 
matical technology is of limited utility. 
To further complicate analysis, while 
systems complexity is describable in terms 
of subsystems components, multiple sub- 
systems may differ in telos, adaptability, 
self-organizing capability and process. 
They differ also in their characteristics 
of being open or closed to energy, system 
input, entropy and feedback characteris- 
ÉICS: 


Subsets of urban systems: typology, identification and nestings 

One can trace systems analysis through 
historic development of given disciplines. 
Systems may be classified as political, 
economic, social, psychological and physi- 
cal. This is a disciplinary approach. But 
urban systems are interdisciplinary and 
transdisciplinary. They tend to be mixed 
mode, differing in system scale, in units 
for measuring data elements, in relations, 
time dimensions and telos. 

Biological and physical systems as compo- 
nents of urban systems are, of course, 
important. But decision-making in urban 
systems rest in socio-economic and politi- 
cal systems. These systems bombard and 
constitute the environments in which 
physical systems are embedded, Too long : 
have we studied these other systems as 
embedded in an environment of physical 
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systems. Cybernetic urban systems analysis 
must recognize that feed-back mechanisms 
affecting physical system operations are 
found in socio-economic and political 
systems. Hence, review of this is 
important. 

Historically, in political economy, the 
Aristotelian view, the feudal system, the 
mercantilist system, the classical 
system exemplified in Ricardo and Karl 
Marx, and the basically Austrian contri- 
butions of neo-classical systems modified 
by Lord Keynes - all culminated in visions 
of capitalist versus socialist and 
communist systems. In present societies, 
these views of the world persist differen- 
tally as vectors differing in direction 
and cybernetic force. 

Articulation of economic subsystems 
includes work on fluctuation, or ‘cycles! 
of various types, seasonal, cyclical and 
secular, analysis of comparative statics 


involving concepts of short-run and long- 
run statics and equilibria conditions and 
finally, analysis of dynamic systems and 
their conditions of equilibria. These 
analyses are macro and micro in scale, 

In each analysis, equifinality and condi- 
tions of equilibrium have been developed, 
In addition, there are specific econo- 
metric systems that have been studied, 
These simplify and abstract from the real 
world functionally-oriented systems to be 
studied. In urban planning, transportation 
models, residential and other land use 
localization models, and housing markets 
and filtering models, static and dynamic 
have been studied. There have been 
developed, localization models by Von 
Thunen, Chrystaller, and Losch, and more 
recently, Walter Isard and the regional 
scientists. Systems of cities have been 
studied by Brian Berry, Forrest Pitts and 
mathematical geographers,. 

Work initiated by the faculties of the 
University of Chicago School of Urban 
Ecology studied systems of urban struc- 
ture and growth - the concentric circle 
analogy, the sector/zone, and the multiple 
nuclei or poli-nucleated city - either all 
oversimplified and unrelated as subsets 
of larger systems or considered as embedd- 
ed in the environment of a specific 
social economic, political and technolo- 
gical system assumed. Transportation 
technology in particular has been assumed 
as given. 

Other subsystems have been articulated 
and studied relating to traffic flow using 


physical analogy. Mixed system approaches 
to subsets of public systems have been 
developed through research on operations 
in given environments - time constrained. 
These include models of educational 
service systems, health services, welfare 
services, police and fire services, and 
environmental control services. Sub- 
systems on the administration of justice 
and law enforcement have been developed 
as have water and energy conservation and 
pollution control subsystems. Most recent 
larger scale systems are the Forrester 
Model, the Meadows Club of Rome World 
Model, and the British group study of 
long-run population and environment. In 
no case is subsystems interface adequate- 
ly explored in attempts to simplify. [5] 
The larger system composed of subsets has 
been seen as too complicated a matter and 
simplification considered essential. 
Simple linear or simplified log relations 


aggregated are assumed. 

On the other hand, it is clear that 
localization of land use and linear 
activity systems are nested in economic, 
social and political ‘non-physically 
located' in space systems as much as in 
technological spacially constraining 
systems. For each land use represents, not 
only an activity system itself, but is 
related to other land uses, For example, 
housing location and community facilities 
and transportation and economic job 
opportunity locations are all one system, 
constrained in ever smaller degrees by 
natural characteristics of specific 
locations. Further, each of these activity 
systems is composed of governors partially 
endogenous to localizing systems and 
partially exogenous in non-localizing 
systems. Housing localization is dependent 
upon the housing market as a system and 
its governor, Industrial and commercial 
localization is governed by the system 
involved in technological change, change 
in business and industrial organization 
and by the state of the economy. 

The linkages and nestings of systems for 
studying localization must, thus, be 
built to reflect the realities of the 
Inon-localization' impact parameters. 

The larger localization systems would 
not only incorporate non-localizing syste- 
ms per se, but the models of political 
economy noted above, and social systems 
generated by these. For the above discuss- 
ed subsystems are linked, interfaced and 
nested in still larger systems. While 
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elements of physical systems have been 
incorporated either directly or by 
analogy into many models, these physical 
analyses, such as from biology and animal 
and plant ecology, remain generally 
isolated from other analogies. Traffic, 
and some commercial localization models, 
have been based on analogy of physical 
phenomenon, Models from "social physics! 
such as gravity and potential models 
emanate by analogy from physical systems. 
Incorporation of larger system interfacing 
of subsystems, however, is an ‘animal! 
different from analogy and one which 
remains untouched except through over- 
simplification. 

The larger systems which remain to be 
interfaced are not only the political 
economy, but various types of psycholo- 
gical field system theories, and social 
systems. Social systems that have been 
studied to various degrees are those 


involving diffusion and lag, social inno- 
vation and lag, attitude and value form- 
ation and lag, the family cycle and organi- 
zation models, 

Of the more clearly political systems 
which require interface analysis, cut 
differently than those nested in the 
system of political economy already noted, 
the 'federal,' 'central', and 'socialist! 
models and their modifications are the 
most important. 

Integration with larger (i.e., more 
complex) economic, political and social 
systems is particularly significant 
because from these are derived the 
‘controllers' or 'cybernetic decision! 
centers constituting the control mechani- 
sms of subset components of public systems. 
Technological and physical systems ever 
more today are governed by these larger 
scale economic and political systems. 
Because the goVernors of the smaller 
scale systems rest in their environments, 
the larger systems, to speak of closed 
systems, which themselves contain centers 
controlling entropy and energy transfer 
is to misunderstand the changing and 
determining environment in which such 
subsystems are nested. In'fact' control 
Strategies are embedded in decision 
variables normally considered exogenous 
to systems studied, It is all well and 
good to develop a system of endogenous 
elements relevant to smaller scale systems 
performance, However, such closed systems 
performance is not relevant when inter- 
facing with and located in an environment 


eee 


composed of open, adaptive systems, k 


We must conclude this typology then 
with the warning that historic approaches 
to systems analysis insofar as public 
systems are concerned can no longer avoid 
problems of interdisciplinary interfacing, 
nestings, complexity and scale on the one 
hand, while on the other, techniques for 
analyzing such larger scale problems 
remain to be developed. 


The time dimension, ‘lumpings” and incremented marginalism 


To further complicate study involving 
large-scale urban systems is the problem 
of time scales and lumping versus incre- 
mental marginalism. The time dimension is 
vital to studying systems because a system 
represents process over time. À first 
problem is that analysis of the time 
dimension is unidirectional and irrevers- 
ible. Only by excessive use of unwarranted 
assumptions and in historical retrospecti- 
ve can we study processes through time. 
Past events are properly labeled ‘as 
having been'. We cannot use a probabilities 
model in reverse, only forward. Secondly, 
not only are probability and stochastic 
processes instruments for measuring fore- 
ward process, but mathematical processes 
such as differential equations, can, at 
this point, only be linear approximations 
of subsystem articulation in a multi- 
linear series of processes. Continuous 
progressions are less descriptive than 
‘lumpy' ones. 

For these reasons a more applicable 
calculus might be that involving many, 
not only one, argument. The range for 
each argument in the domain might be 
treated as multi-valued. À way to under- 
stand this is that transformation functions 
would differ at different points in the 
time scale and with differing 'lumped! 
inputs. At different points in time, a 
different correspondence of vectors with 
a given argument would exist. This would 
result from shifts in transformation 
functions, i.e., differential black box 
processing. In this approach the time 
dimension might be the differential 
axis against which other dimensions are 
plotted. Any given vector with respect 
to other vectors along other axis (i.e., 
dimensions) would be placed in correspon- 
dence differing in time, reflecting 
differing processors, relationships and 
functions, and input output 'lumps', 
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Hence, for any given argument embedded in 
social, economic, political or locational 
space, distances for corresponding 
vectors in non-time dimensional lumping 
of inputs and outputs would vary with 
time, the entire set of vectors corres- 
ponding to any given 'lumped' argument. 
Since the transformation functions might 
be different through time as system 
dynamics process inputs and energy trans- 
fer, clearly vectors corresponding to any 
given argument would change over time. 

It is only through some such view that 
dynamics of large scale systems can be 
studied and system integration structured,. 
Time-oriented feedback loops and servo 
mechanisms will not solve problems of 
systems complexity, but at least, the 
time dimension could be more fully 
treated so as to alleviate some of the 
problems of linearity and incrementalism 
embedded in most studies of urban 


systems, 
d'- 


The data bind 


One further problem remains. Data flow 
through time are necessary if adequate 
vectors and parameters are to be develop- 
ed and models tested through calibration 
Hence, adequate noise as well as develop- 
ment of adequate channel capacity are 
necessary. Data reduction and parameters 
estimation following adequate systems 
modelling are dependent upon 'noisefree! 
data and data flow. 

Yet even attempting to obtain data for 
calibrating the presently oversimplified 
models is an impossible task. There are 
even severer difficulties in obtaining 
activity indices as necessary measures of 
inputs into articulated systems in 
process with inadequate data for measuring 
system output especially. For measuring 
system elements, calibrating parameters 
and establishing relations, however, are 
not half as difficult as determining and 
measuring system performance. Outputs are 
almost as difficult to identify as they 
are to measure. We may be able, in all 
cases of data, to ascertain at best only 
a "shadow! of a measurement index or a 
‘field! in which it is located. It may be 
that such a vector represents one of 
several elements in a 'fuzzy set". 
Problems of data sensing, flow and proce- 
ssing are all the more important because 
relations can be verified only through 


applying relation technology to processing 


data. If there are no data, not only is 
calibration impossible, but the establish- 
ment of appropriate relations as well. 
Present data systems provide inadequate 
planning information systems. So long as 
data systems remain undeveloped, no 
further attempts to plan urban public 
systems can be judged as to degree of 
applicability or output success. 


Conclusion 


We may summarize the problems involved in 
dealing with Urban Systems. These are 
generally larger-scale and open in chara- 
cter. Hence, they partake of the vast 
range of problems found in these systems. 
The following summarizes the chief types 
of problems encountered in urban systems 
analysis and engineering [8]: 

1. System identification techniques 
normally used may not be applicable 
since subsystem specification is 
inappropriate, marked by fuzzy 
interfaces and nestings and sub- 
system telos differences. 


2. In particular, input output relations 
are difficult to specify and trace. 
Difficulties in aggregation and in 
decomposition are severe. Equi- 
finality states rather than equili- 
brium characterize urban subsystems. 
Non-linearity tends to limit the 
utility of approximation techniques 
applicable to more nearly linear 
relations. Problems of lumpy, time 
constrained elements must be resolv- 
ed. 

3. Multiple objectives are generally 
the rule in large scale urban syste- 
ms. Even with the development of 
stochastic arrow diagramming to 
ascertain alternatives, successful 
sensitivity analysis remains to be 
made applicable. 

4, Control of systems in terms of 
multiple components and objectives 
is difficult to develop. 

5, Criteria for system functions are 
difficult to develop. This problem 
is emphasized because of externa- 
lities as well as by the unavaila- 
bility of data. 

6. Data problems are severe in terms of 
availability and where available 
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are ‘'noisy'. System state character- 
istics much less description of 
systems in process are difficult to 
identify. 

7. Problems of differing units for 
measuring physical scales offer 
challenges to trying to nest smaller 
physical systems in larger ones. 

8. Urban systems are marked by multi- 
disciplinary characteristics which 
may not have capatible dimensions. 

9, There are severe time scale problems 
in subsystems related to larger 
scale system operation. 

10. Mathematical procedures remain to be 
developed to help deal with problems 
of: 

(a) Multiple objectives and multi- 
ple outputs. 

(b) Compartmentalization and multi- 
party elements. 

(c) ‘lumpings' involved in esti- 
mating output parameters. 

(d) Changing marginal and discrete 
inputs and outputs to 'lumped' 
ones. 

(e) Simulation technology of multi- 
ple system interface involving 
optimum network design and 
stochastic control flow in 
networks, and optimum resource 
allocation subject to priori- 
tres: 


The problems of urban systems analysis 
and engineering reside in [9]: 

1. The size and complexity or urban 

systems; 

2. The non-linearity of urban systems; 

3. The dynamics of the environment; 

4, The lack of hard, noise-free data; 

5. The lack of criteria for ascertaining, 

satisfising or optimizing specifica- 
tion in the face of 'equifinality' 
states. 

Thus, we are at the horizon of systems 
analysis for urban systems articulation, 
analysis and design. Problems of aggrega- 
tion, system scale, and the time dimen- 
sion remain to be coped with. No success- 
ful design has yet been developed for 
an urban system. Urban and regional 
planning is normative, meaningful system 
design. No model of rationality for 
judging the adequacy of planning yet has 
been developed. No planned solutions can 
be judged as being successful. In short, 
man muddles through. Neither bounded 
rationality leading to satisfising, nor 
incrementalism, nor mixed scanning can 
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be said to have been successful as models. 
Ethical systems or morality constraints 
are not the basic problem. Tools for 
adequate system analysis remain to be 
developed. If there is a problem in the 
ethical system it is that priorities now 
seem to be in other directions. Suspicion ” 
of analysis and analytic technology has 
followed upon disappointment with ability 
of such to solve problems. Developing 
technology to go to the moon is clearly 
different, involving less complex systems 
than solving problems the earth faces. 
Hope that development of physical systems 
and technology designed to enable man to 
arrive at points in outer space have 
little to do with enabling us to arrive 
at points in social, economic, political, 
ethical, psychological and locational 
space, through time. The dimensions of 
the system are different, the complexity 
and number of elements so great that 
simplified analogy with physical systems 
is absurd. 

In the meantime, creating alternative 
futures so as to enable man to more nearly 
avoid the type of problems facing the 
world stated at the beginning of this 
paper, continues to be attempted. Man has 
no other choice than to intuit and hope 
that eïther all problems will 'solve 
themselves', or that the Lord helps those 
who help themselves. The latter course 
seems to more nearly approximate man as 
a system. 
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A la récherche d’un élément de base dans 
l'aménagement du milieu urbain 


M. POLIAKINE 
Architecte-Urbaniste, Israel 


introduction 

Le milieu urbain résulte de l'activité d'un 
tsystème', où se trouvent reliés mutuelle- 
ment la société humaine moderne et les 
éléments physiques qui le composent. 
L'accroissement dans le nombre et la 
diversité des composants de ce système, 
pose des problèmes de coordination entre 

la valeur intentionnelle des actions pro- 
grammées par cette société, et l'élément 


urbain qui résulte de ces actions et sup- 
porte leur valeur. 


Ces problèmes de coordination encadrent 
l'ensemble des phases évolutives de l'éla- 


boration du milieu urbain: 


a) L'élaboration du besoin. 

b) L'élaboration de l'attitude. 

c) L'élaboration de l'élément physique 
extérieur à l'homme, dans le milieu 


urbain. 
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Le manque de coordination dans l'élabora- 
tion de l'élément intentionnel urbain, mène 
à la transfiguration de celui-ci en élément 
brouillage urbain. 

La présence physique de cet élément néga- 
tif dans le milieu urbain, peut nuire à 
l'évolution de celui-ci, ainsi qu'à sa 
maintenance en tant qu'organisme intention- 
el, donc vivant. 

La maintenance de cet organisme consiste 
donc, dans le traitement de ces éléments 
brouillages et leur adaptation dans le 
cadre de valeurs intentionnelles incessam- 
ment renouvellées. 

Le traitement de ces problèmes nécessite 
la recherche sur le mécanisme élaboratif 
de ces deux éléments assymétriques: 

a) L'élément intentionnel positif urbain. 
b) L'élément brouillage négatif urbain. 
Ces deux éléments dérivent cependant d'une 

même structure génératrice, que nous 
définirons comme l'élément de base dans 
l'amenagement du milieu urbain. 

L'élément de base est constitué par 
l'interaction même de deux composants: 

a) Un agent interprétateur: cet agent 
énergétique et générateur suit dans 
son comportement les directives de 
base d'un projet d'ensemble, naturel 
ou artificiel. 

Un agent interprété: cet agent reflète, 
par sa présence dans l'espace/temps, 
la résultante de l'action exercée par 
l'agent interprétateur; il est aussi 
le 'moyen' [1] utilisé par ce dernier 
afin de maintenir l'activité de l'élé- 
ment de base, 

Cette présente communication se propose de 
déterminer les propriétés ainsi que le 
mécanisme de cet élément, dans l'amenage- 
ment du milieu urbain. 


b) 


Le système urbain 

Le milieu urbain est le produit de la 
société humaine moderne. Il est constitué 
par un ensemble d'éléments physiques qui 
reflètent, par leur présence et leur 
organisation, le concept de vie de cette 
société. 

L'habitat, par example, est une des vari- 
antes de cet ensemble; son existence physi- 
que est dûe à la société humaine qui l'a 
édifié. La présence physique de l'habitat 
est toutefois essentielle à la maintenance 
de l'homme, en tant qu'organisme vivant, 
car, il est le complément 'extérieur' de 
ses besoins physiologiques et sociaux. 

L'homme et son extension l'habitat, 
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forment ensemble un système clos ''d'élé- 
ments physiques reliés entre eux par des 
liaisons actives'' [2]. Tout changement 
dans l'intention et la nécessité de 
l'homme, ou dans l'organisation de l'habi- 
tat, mène à une mutation dans l'ensemble 
du système. Le système clos, Homme/Habitat, 
se maintient dans la cadre d'un système 
d'ensemble, plus vaste, de liaisons actives 
probables qui relient la société humaine 

et ses milieux et qui se reflètent dans 
l'espace/temps par l'ensemble ‘des adapta- 
tions fonctionnelles des êtres vivants 
comme aussi tous les artefacts façonnés 
parneux. 44e 


Les adaptations fonctionnelles qui se 
dévéloppent dans le sein du système clos, 
dépendent de la fréquence du contact entre 
les composants de ce système. 

Dans le contexte d'une société primitive, 
telle que l'a décrite par exemple Claude 
Lévi-Strauss dans l'Tristes tropiques" [4], 
la maintenance du système clos: Société 
primitive/habitat résulte du contact 
fréquent et perpétué entre les composants 
de ce système. Les éléments physiques qui 
composent cet habitat sont limités, en 
nombre et en diversité, aux besoins de 
cette société; ils régularisent son com- 
portement social et réligieux. 


L'anéantissement du système clos, dans 
cet exemple intervient toutefois, avec la 
rupture du contact entre les composants du 
système. 

La rupture est dûe à la non-concordance 
entre le changement porté dans la disposi- 
tion du milieu physique extérieur et la 
stagnation dans la mutation des valeurs 
intentionnelles et des nécessités anteri- 
eures de cette société. 

De ce contexte de vie primitive et 
jusqu'à celui de la vie moderne, l'organi- 
sation des milieux de l'homme a toujours 
été l'expression d'une idéologie, sociale, 
religieuse ou économique. 

Les limites physiques de l'unité de vie 
de la Polis, en Grèce antique, par exemple, 
dépendait du rayon de vision de l'oeil 
humain et des besoins d'existence physio- 
logiques et sociaux de l'homme. La ville 
de la Renaissance reflétait par contre, 
par ses perspectives, ses grands axes, son 
ordre et sa symétrie, la conception d'un 
monde illimité et infini. 

Je soulignerai cependant la ville japon- 
aise, pour sa maintenance spatio-temporelle 
en tant que ‘''système de normalisation! du 
milieu physique extérieur. La civilisation 
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japonaise a engendré le "'système Tatami" 
[5] qui est ordonné, régularisé et con- 
trôlé par la présence et l'organisation 
même d'un élément de base physique 
intentionnel. Cet élément dérive des 
besoïins locaux de l'homme; il est le fac- 
teur ordonnant dans l'aménagement de la 
maison et, par conséquence du quartier 
d'habitation et de la ville japonaise [6]. 

L'expérience japonaise, dans l'unifica- 
tion de l'intention et de son support 
physique, peut nous guider dans la compré- 
hension des problèmes spécifiques à 
l'aménagement du milieu urbain moderne, 
car ces problèmes sont issus de la non- 
concordance entre ces deux facteurs. 

La vie moderne est caractérisée par 
l'expansion des besoins et des intentions 
humaines, et d'autre part par l'accroisse- 
ment du nombre et de la diversité des élé- 
ments physiques qui composent le milieu 
extérieur de l'homme. Cet accroissement 
généralisé mène à la diminution progres- 
sive dan la fréquence du contact entre 
l'homme et ses compléments physiques 
extérieurs; les liaisons actives entre ces 
deux facteurs perdent, par conséquence, 
leurs caractères distinctifs, ils vont de 
l'état le moins probable vers l'état le 
plus probable! [7]. 

Perdant progressivement le support de 
son complément, chacun de ces deux facteurs 
dévéloppe son propre rythme évolutif, qui 
dans la plupart des cas ne concorde pas 
avec celui de son complément. 

La non-concordance entre le rythme 
accroissant des besoins et la capacité du 
milieu de s'adapter à ce rythme, est carac- 
téristique au ‘''système d'ensemble'' des 
relations entre la société moderne et ses 
milieux extérieurs — urbain et rural —; 
elle porte naturellement son influence sur 
chacun des ''systèmes clos'' qui forment ce 
système d'ensemble. 

Prenons comme exemples: 

- Le système clos-''traffic urbaïin'', qui 
est marqué par la présence d'un nombre 
accroissant de voitures et l'incapacité 
dans l'organisation efficace de celles- 
ci dans les artères urbaines existantes, 

- Le système clos-''habitat urbain!'', qui 
est marqué par le rythme accéléré de 
la construction et l'incapacité des 
techniques conventionnelles (relatives 
à la conception, l'exécution et la 
coordination) de s'adapter à ce rythme. 

- Le système clos rural, qui a été marqué, 
partout dans le monde occidental, par 
le rythme accroissant des mutations du 


milieu urbain. Le ‘'Kibbutz'' en Israel, 
a dû par conséquence changer les 
instructions de sa propre idéologie 
initiale, en changeant son système éco- 
nomique — de l'agriculture à l'indus- 
trie — afin de maintenir sa structure 
sociale. 

La maintenance du ''système clos'', dans 
le contexte d'un environnement qui tend 
progressivement vers l'entropie, comme 
l'ont démontré ces exemples, exige donc la 
concordance contrôlée, régularisée et 
incessamment réadaptée, entre les éléments 
physiques à l'intérieur du système clos et 
ceux qui composent son extérieur. 

Les activités mutuelles qui se déroulent 
entre ces éléments mènent à l'élaboration 
d'un produit complexe simultané; ce produit 
est localisé simultanément à l'intérieur 
du système clos et dans son extérieur, dans 
trois plans élaboratifs, d'après le schéma 


suivant : 
Schéma 1 
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Schéma 1. L'élaboration du produit simul- 
tané 


Il est à constater que dans l'élaboration 
de ce produit simultané, le produit de 
chaque phase élaborative est en même temps 
la valeur stimulante de la phase élabora- 
tive ultérieure. La finalité de l'ensemble 
de ce procédé élaboratif, consiste donc de 
mener à la fusion des composants constants 
du produit simultané: la valeur intention- 
nelle et le produit supportant cette 
valeur, dans chacun des milieux élaboratifs 
— intérieurs et extérieurs. 

Examinons les points caractéristiques de 
l'élaboration ‘d'une maison'', en tant que 
produit simultané: La maison se maintient 
dans le contexte d'un ensemble de ''systèmes 
clos'', dont le plus proche est celui du 
système voisinage'', Le comportement de ce 
produit complexe est caractèrisé par son 
adaptation, son isolement ou son imposance, 
dans ses rapports avec son voisinage. Le 
comportement du système ‘maison! est 
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reflété par sa présence même dans le sein 
de son voisinage; il maintient son équi- 
libre entre l'élaboration à l'intérieur de 
son système et à celle de son extérieur, 
par la mutation continue et évolutive de 
ses formes [9] physiques simultanées. 

La finalité de l'élaboration d'une 
maison! consiste à maintenir l'équilibre 
entre la capacité de mutations de ses 
formes physiques (expansion, restauration.. 
..) et la mutation des valeurs intention- 
nelles environnantes intérieures et exté- 
rieures (mode, standard de vie...). Le 
déséquilibre des rapports mutuels entre la 
valeur et le produit, localisé dans 
n'importe quelle des phases élaboratives 
du produit simultané, peut mener à 
l'atteinte de l'ensemble du produit. 

Dans le contexte urbain, ce déséquilibre 
mène à la perte des valeurs intentionnelles 
à un nombre accroissant d'éléments physi- 
ques urbains. Or afin de maintenir leur 
structure d'organisme vivant, ces derniers 
s'intègrent avec d'autres valeurs; tout 
comme dans la Nature [10], où l'on retrouve 
l'utilité consécutive du même élément phys- 
ique naturel. 

Dans le cas où l'élément physique urbain, 
séparé de sa valeur intentionnelle initi- 
ale, n'a pas la capacité nécessaire afin 
de contenir de nouvelles valeurs, il se 
transfigure en ''élément brouillage'' urbain. 

L'élément brouillage nuit par sa présence 
physique à la maintenance du système clos; 
il se reflète par l'ensemble des éléments 
physiques et des performances humaines qui 
sont inadaptés aux besoins de la société 
humaine. L'aggression, par exemple, est une 


des formes variantes d'un tissu urbain qui 
a été touché par la présence physique 
d'éléments brouillage (bidonvilles, nombre 
accroissant de voitures, etc.). 

Le traitement de ce tissu consiste à 
faire annuler les valeurs négatives des 
éléments brouillage et de les transfigurer 
ainsi en éléments physiques intentionnels 
positifs, qui soient adaptés aux besoins 
de la société. Ce traitement exige la 
transfusion continue de valeurs renouvel- 
lées et la mutation réciproque dans 
l'organisation des éléments urbains. 

Les éléments urbains — négatifs et posi- 
tifs — dérivent cependant d'une même 
structure génératrice, qui est l'élément 
de base dans l'élaboration physique du 
milieu urbaïn et l'ensemble de ses perform- 
ances, 

L'élément de base doit son existence, en 
tant qu'organisme vivant, à la présence 
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même de ses deux dérivés assymétriques et 
alternant qui lui permettent de maintenir 
son énergie, et de se mouvoir éternellement 
dans l'espace/temps. 

Je déterminerai par la suite, les carac- 
tèristiques de l'élément de base — ses 
composants, son organisation spatio/tempo- 
relle ainsi que son mécanisme de liaison 
active. Un modèle illustrera la structure 
de l'élément de base (une masse significa- 
tive et son organe contacteur), ainsi que 
le système d'interaction entre ces deux 
Éléments. Le modèle démontrera les condi- 
tions dans l'élaboration de l'élément 
positif, et, par conséquence, les critères 
de déviation pour sa transfiguration en 
élément brouillage négatif. 


L'élément de base 


L'élément de base est constitué par le con- 
tact même entre deux composants: 

a) Un agent interprétateur [11]. Cet 
agent énergétique suit, dans l'action 
physique qu'il exerce sur les milieux 
intérieurs et extérieurs de l'homme, les 
données de base d'un projet d'ensemble, 
naturel ou artificiel. L'Homme et la 
Nature sont des agents interprétateurs; 
leurs interventions incessantes dans 
l'élaboration des milieux de l'homme, per- 
mettent la maintenance de leur structure 
en tant qu'organisme vivant. 

b) Un agent interprété [11]. Cet agent 
physique résulte des actions programmées 
des agents interprétateurs; il conditionne 
le comportement de ceux-ci par sa présence 
même dans l'espace et le temps. L'ensemble 


des phénomènes naturels, l'homme y compris, 
sont des agents interprétés par la Nature; 
l'ensemble des artefacts, l'élément urbain 
y compris sont des agents interprétés par 
l'homme. 

Les agents interprétateurs et les agents 
interprétés portent, chacun en soi, un 
contenu d'information qui est supporté par 
leurs structure et organisation physiques; 
le contenu d'information de chacun de ces 
agents devient significatif à son complé- 
ment, "à l'instant même" [12] où s'établit 
le contact entre eux. 

Le contact entre agents interprétateurs/ 
interprétés, fait déclencher une mutation 
dans leurs contenus d'information et leurs 
supports et mène par 1à, à l'élaboration 
d'une structure plus complexe par rapportà 
celle de la phase antérieure des agents 
interprétateur/interprétés, Cette structure 
se reflète par la complexité plus avancée 


de son contenu d'information, de ses 
propriétés de contact, et de son organisa- 
tion dans l'espace/temps. 

Une chaise, par exemple, est un agent 
interprété par l'homme. La chaise porte en 
soi un contenu d'information initiale qui 
est déterminé par son concept fonctionnel, 
et supporté par sa structure physique et 
sa disposition dans l'espace/temps (à 
l'intérieur d'un appartement, situé en 
tant qu'élément historique, etc.). Ce con- 
tenu d'information devient significatif à 
l'homme, à l'instant même ou ce dernier 
 Mpercoit!' la chaise [13]. 

Ces deux éléments Homme/Chaise, reliés 
activement par leur contact créent 
ensemble une entité complexe nouvelle qui 
varie en formes suivant "l'interprétation 
donnée par l'homme à la disposition de la 
chaise et l'action physique et mentale 
mutuelle qui résulte de cette interpréta- 
tion. Cette entité complexe peut refléter, 
par exemples — le souvenir d'une visite, 
out bien’ servir comme moyens de repos, 
d'aggression, etc. 

Deux facteurs ont participé à la 
création de l'entité Homme/Chaise: 

a) Une masse significative qui est con- 
stituée par le contenu d'information à 
"l'instant même!" du contact, 

b) Un organe contacteur qui est consti- 
tué par l'ensemble des propriétés physiques 
et mentales de l'homme, qui lui permettent 
d'exercer une action physique sur ses 
milieux intérieurs et extérieurs, et de 
subir leurs réactions. L'organe contacteur 
conditionne, par sa présence, les liaisons 
actives qui se déroulent au moment même du 
contact dans les plans suivants: 


1. Dans la masse significative, entre ses 


quatre composants relatifs: 

- Un signifié relatif (au signifiant, 
un espace, un temps). [14] 

- Un signifiant relatif (au signifié, 
un espace, un temps). 

- Un temps relatif (au signifié, au 
signifiant, un espace). 

- Un espace relatif (au signifié, au 
signifiant, un temps). 

2. Dans l'organe contacteur, lui-même, 
entre ses trois composants relatifs 
[15]: 

a) Un besoin relatif (à l'attitude et 
à l'élément physique extérieur). 

b) Une attitude relative (au besoin 
et à l'élément physique extérieur). 


c) Un élément physique extérieur 


relatif (au besoin et à l'attitude). 


3. Entre la masse significative et son 


organ contacteur. Chacun des compos- 
ants constants relatifs de la masse 


significative est relié simultanément 
avec son propre organe contacteur et 
d'autre part avec le reste des compo- 
sants constants de la masse signifi- 
cative. 

Prenons comme exemple la disposition 
du ‘''signifié relatif" par rapport aux 
composants environnants: 

Le ''signifié relatif'' est relié mutu- 
ellement avec son organe contacteur 
et d'autre part, avec le reste des 
composants de la masse significative: 
le signifiant relatif, l'espace 
relatifsslieitemps relatifs 


4, Entre les agents interprétateurs et 
les agents interprétés [16], par 


l'intermédiaire de leurs organes con- 
tacteurs. 


Dans ce cas, chacun des composants 
relatifs de la masse significative de 
l'agent interprétateur se trouve relié 
avec un des composants relatifs de la 
masse significative de l'agent inter- 
prété, par l'intermédiaire de leurs 
organes contacteurs. 
Par exemple: ''le signifié relatif'' de 
la masse significative d'un agent 
interprétateur, avec ''le signifié 
relatif!" de la masse significative 
d'un agent interprété, par l'intermé- 
diaire de leurs organes contacteurs. 
Dû à la relativité des liaisons actives 
entre la masse significative et l'organe 
contacteur des agents interprétateurs/ 
interprétés, l'élément de base peut être 


considéré comme ‘'un système autoélaboratif" 
qui contrôle et régularise son propre com- 
portement. La finalité de ce système est 

de maintenir l'équilibre entre le rythme 
élaboratif de la masse significative et 
celui de l'organe contacteur et par là 
même, de maintenir la continuité des 
activités du système. 

La continuité des activités mène, comme 
nous l'avons vu plus haut, à l'adaptation 
entre les composants en contact qui est 
exprimée par la diminution progressive 
dans les combinaisons probables de contact. 

Dans le cas ‘'idéal'' d'adaptation entre 
les agents interprétateurs/interprétés, 
l'élément de base engendre un élément 
physique positif. Le rythme élaboratif de 
l'ensemble des composants de cet élément 
est unique; il ordonne les activités dans 
les quatre plans cités plus haut: la masse 
significative, l'organe contacteur, entre 
la masse significative et son organe con- 
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tacteur, entre les agents interprétateurs/ 
interprétés par l'intermédiaire de leurs 
organes contacteurs. 

Toute déviation par rapport à l'adapta- 
tion ''idéale'' fait paraître la présence 
physique d'un élément physique négatif. 

Les éléments physiques positifs et 
négatifs qui se transfigurent en alter- 
nance, fournissent l'énergie nécessaire à 
l'élément de base, afin de maintenir sa 
structure dans l'espace/temps. 


Les schémas qui suivent sont relatifs au 
modèle de l'élément de base; on y disti- 
nguera: 

- Un schéma de base de la disposition 
spatio/temporelle de l'élément de base. 

- Un schéma qui démontre la disposition 
d'un des composants relatifs d'une 
masse significative et son organe con- 
tacteur, ainsi que la formule de leurs 
activités mutuelles, 

- Un schéma qui démontre la disposition 
de l'ensemble des composants d'une 
masse significative et de leurs organes 
contacteurs, ainsi que la formule de 
leurs activités mutuelles. 

- Un schéma qui démontre la superposition 
des organes contacteurs de deux compo- 
sants constants de masses significa- 
tives environnantes, ainsi que la for- 
mule qui en resulte. 

- Un schéma qui démontre la disposition 
de l'ensemble des composants d'un élé- 
ment de base (agent interprétateur/ 
interprété) en état de contact, Ce 
schéma désignera les conditions pour 
l'élaboration de l'élément positif et 
par consequence, celles de l'élément 
négatif. Une formule exprimera l'ensemble 
des activités de l'element de base. 

Une liste de ''codes'' pour 1a compréhension 
du modèle de l'élément de base, précèdera 
ces schémas. 


Liste de codes 

Symboles: 

Le signifié—(s)— 

Le signifiant — (S)— 

L'espace —(E)— 

Le temps —(T)— 

Le signifié relatif —<s(S,E,T) 
Le signifiant relatif— =S(s,E,T) 
L'espace relatif—=E(s,S,T) 

Le temps relatif—=T(s,S,E) 

Le besoïin— (b)— 
L'attitude — (a)— 
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L'élément physique extérieur —(e)— 


Le besoin relatif— =b(a,e) 
L'attitude relative—#a(b,e) 
L'élément physique extérieur relatif 
— e(b,a) 


base) 
—|a(b,e)| 
(b,a) 


L'organe contacteur — 


Terminologie 


- Axe de symétrie due contact: 

Ligne de séparation rationnelle entre les 
agents interprétateurs/interprétés. 

- Zone de contact: 
Zone rationnelle qui reflète la resultante 
de l'ensemble des activités de l'élément 
de base. 

Les agents interprétateurs ou interprétés 
contiennent chacun quatre zones de contact 
qui émettent/captent, chacune en son 
propre langage, les activités de ces 
agents. Lorsque les agents interprétateurs/ 
interprétés établissent le contact entre 
eux, leurs zones de contact se superposent 
et émettent/captent la résultante de ce 
contact. La zone de contact fait partie 
intégrale de l'organe contacteur qui lui 
fournit l'énergie nécessaire pour sa main- 
tenance. 

- Contenu d'information: 

Résulte de l'ensemble des interactions qui 
se déroulent dans chaque agent — interpré- 
tateur ou interprété; unifiés par le con- 
tact, ces deux agents produisent un contenu 
d'information qui est plus complexe, par 
rapport à la phase d'avant contact. 

- Organe contacteur: 
Modèle de l'ensemble des propriétés phys- 
iques et mentales, il devient plus com- 
plexe au fur et à mesure que se renouvelle 
le contact entre les agents interpréta- 
teurs/interprétés. 

- Langage significatif: 
Support physique et mental du contenu 
d'information de l'élément de base; l'on 
distingue entre: 

a) Un langage simultané qui est le sup- 
port du contenu d'information de 
l'ensemble de l'élément de base. 
Quatre langages, relatifs aux compo- 
sants — temps, espace, signifié, 
signifiant —relatifs; ces langages 
sont reflétés par les quatre zones de 
contact. 

Pour que deux organes contacteurs d'agents 
(interprétateurs/interprétés) environnants 
puissent établir un contact entre eux, 
leurs zones de contact doivent émettre/ 


b) 


capter en un unique langage. 

- Adaptation: 
Disposition relative de l'ensemble des 
composants de l'élément de base, qui 
résulte des activités de cet élément. 
L'adaptation est idéale dans les conditions 
suivantes: 

a) Les zones de contact des organes con- 
tacteurs se superposent en un même 
langage. 

b) Le langage de l'ensemble de l'élément 
de base est unique. 

c) Le rythme évolutif entre organes con- 
tacteurs et masses significatives est 
équilibré; le rythme de l'ensemble de 
l'élément est unique. 

d) La fréquence du contact entre les 
agents interprétateurs/interprétés 
est unique. 

e) Le nombre de combinaisons probables 
du contact entre agents s'est 
restreint à une seule et unique pos- 
sibilité. 

- L'adaptation alternante: 
Elle est spécifique au comportement de 
l'élément de base; son amplitude est 
ordonnée par le comportement des deux 
extrèmes: l'élément positif, où les condi- 
tions d'adaptation atteignent ‘''l'idéal''; 
l'élément négatif, où les conditions 
atteignent la déviation extrême, par rap- 
port à l'idéal. 


Le modèle de l'élément de base 


Schéma 2 
La disposition spatio/temporelle de l'élé- 
ment de base. 

Admettons le schéma suivant [17] pour 
exprimer la disposition spatio/temporelle 
des agents interprétateurs/interprétés qui 
composent l'élément de base, dans l'amén- 
agement de l'habitat, p.ex.: 

Le schéma 2 se distingue par la présence 
spatio/temporelle des masses significatives 
des agents interprétateurs/interprétés; ces 


Agent interprétateur: 
Nature, Homme 


masse significative spatio/temporelle 


agents sont séparés, avant le contact par 
l'axe de symétrie du contact. Les activités 
qui se déroulent, une fois le contact 
établi entre agents, se reflètent par la 
zone de contact. 


Schema 3 


La disposition d'un des composants relatifs 
(1e signifié relatif) d'une masse signifi- 
cative et son organe contacteur. 

Ce schéma se distingue par la présence: 

- d'un "signifie relatif''; de son organe 
contacteur; de leur zone de contact. 


Schema 4 


La disposition de l'ensemble des composants 
d'une masse significative et de leurs 
organes contacteurs. 

On y distingue: 

- Quatre composants relatifs de la masse 
significative: 


S(S:E,T) 

Le SCSE,T) | 
E(s,S,T) 
F(S,8,E) 


- Quatre organes contacteurs qui ont 
comme formule: 


b(a,e) 
æ|a(b,e)|-— 
e(b,a) 


- Quatre zones de contact qui reflètent 
chacune sa propre formule: 
[SE DI=)atbe)le 
b(a,e) 
#[S(s,E,T)]=|a(b,e)| = 


b(a,e) 
=[E(s,S,T)]= |a(b,e)| 


b(a,e 
(ss ET = )a(b,e)}e 


Agent interprété: 
Homme, Habitat 


masse significative spatio/temporelle 


Zone de contact et axe de symétrie 


Schéma 2 


eo 


La formule de l’ensemble des relations entre 
le signifié relatif et son organe contacteur: 


b(a,e) 
& [s(S,E,T)] + |a(b,e)| + 
e(b,a) 


Le signifié ‘’relatif”” 
+ [s(S,E,T)] + 


Les composants de l'organe contacteur: 
le besoin relatif & [b(a,e)] + 

l'attitude relative & [a(b,e)] + 
l'élément extérieur relatif & [e(b,a)] 


L'organe contacteur: 


b(a,e) 
+ |a(be)| + 
e(b,a) 


La zone de contact reflètée par la 
formule de l'ensemble des relations 


Zone de contact 


Organe contacteur (== 


Schéma 4 
Composant relatif significatif 


Contenu d'information 


Axe de symétrie 
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Schéma 3 


- Quatre axes de symétrie. 
- Un contenu d'information qui resulte de 
composants; 


l'interaction de l'ensemble des 
il est reflété par la formule: 


b(a,e) 
HIo(S,ET)] Ée] 

b(a,e) 
+ [E(s,S,T)]<= |a(b,e 


b(a,e) 
= [T(S,S,E)]= |a(b,e) 


Le signifié relatif 
de la masse 
significative ‘’X'’ 
Contenu d'information 
d'agent ‘’X'' 


Organe contacteur de 
l'agent ‘’X’’ 


Zone de contact 
commune entre 0: 
agents Qi" et Cr 44 _—* 


Agent ‘’Z’ 


Schema 5 


La superposition des organes contacteurs 


de deux composants de deux masses signifi- 
catives environnantes. 


La zone de contact des deux organes con- 
tacteurs superposés reflète la formule 
suivante: 


b(a,e) | b(a,e) 
=[s(S,E,1)]=|a(b,e) | (b,e) |<[s(S,E,T)]= 
e(b,a) |; |[e(b,a) 


* axe de symetrie 


Schéma 6 


La disposition de l'ensemble des composants 
de l'élément de base (agent interprétateur/ 
interprété) en état de contact. 

On y distingue: 

- La complexité relative de deux contenus 
d'information consécutives, celle d'une 
phase antérieure et de sa phase postérieure. 

- La complexité relative des organes con- 
tacteurs antérieurs et postérieurs. 

- L'ensemble de la structure de la phase 
postérieure est plus complexe que celle de 


Schéma 5 


la phase antérieure. 

- L'ensemble de cette structure répond 
aux conditions de l'élément positif, par 
l'adaptation ''idéale'' entre organes con- 
tacteurs et masses significatives. 

- Les zones de contact de la phase posté- 
rieure sont plus complexes que celles de 
la phase antérieure. 

- Le contenu d'information de l'ensemble 
de cet élément (agent interprétateur/ 
interprété) se reflète par la formule 
suivante: 
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Contenu d'information 
de la phase postérieure 


Contenu d'information 
phase antérieure ©O 


Organe contacteur 
phase antérieure 


Organe contacteur ___— 
phase postérieure 


Conclusions 

La recherche de l'élément de base dans 
l'aménagement du milieu urbain, duquel 
dérivent l'ensemble des dispositions (posi- 
tives et négatives, en alternance) de ce 
milieu, ne peut pas se faire dans un con- 
texte de disciplines séparées. Elle con- 
siste dans l'action programmée et contrôlée 
d'un ensemble pluridisciplinaire sélectionné 
et approprié au but de cette recherche. 

Cet ensemble pluridisciplinaire orieté 
vers la recherche des caractèristiques de 
l'élément de base comprendrait la partici- 
pation des disciplines suivantes: 

a) L'architecture-urbanisme, pour la 
présentation des problèmes et l'exécu- 
tion des instructions élaborées par 
cet ensemble. 

b) La linquistique, la logique et la 
biologie pour l'analyse et la déter- 
mination du comportement et l'organisa- 
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[SE DIE 

b(a,e) 
[S(S,E,T)] <= |a(b,e) 
[E(s,S De 


[T(s,S,E)]= 


Schéma 6 


b(a,e) b(a,e) 
a(b,e)|| 4-|{a(b,e)|=[s(S,E,T)] 
e(b,a) ° e(b,a) 


Û Lo 
a(b,e) | =[SC3E0N 
eral]| ! [Lera) Sa 
b(a,e) b(a,e) 
a(b,e) mn a(b,e) | [E(s,S,T)] 
e(b,a) L e(b,a) 
b(a,e) b(a,e) 
a(b,e) 72 a(b,e)| NC 
e(b,a) e(b,a) 


tion de l'élément de base. 

c) La science juridique, pour l'analyse 
et la détermination de la différencia- 
tion entre les éléments assymétriques 
— positifs et négatifs — qui dérivent 
de l'élément de base. 

d) La cybernétique, pour la détermination 
du mécanisme de transfiguration des 
éléments positifs/négatifs. 
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Vu du haut d'un arbre ou d'un toit, le 
village bororo est semblable à une 
roue de charrette dont les maisons 
familiales dessineraïit le cercle, les 
sentiers, les rayons, et au centre de 
laquelle la maison des hommes figurer- 
ait le moyeu. La distribution circul- 
aire des huttes autoûur de la maison 
des hommes est d'une telle importance 
en ce qui concerne la vie sociale et 

la pratique du culte, que les mission- 
naires salésiens de la région du Rio 
das Graças ont vite appris que le plus 
sûr moyen de convertir les Bororo, con- 
siste à leur faire abandonner leur 
village pour un autre où les maisons 
sont disposées en rangées parallèles, 
Désorientés par rapport aux points 
cardinaux, privés du plan qui fournit 
un argument à leur savoir, les indigè- 
nes perdent rapidement le sens de 
tradition, comme si leurs systèmes 
sociaux et religieux étaient trop com- 
pliqués pour se passer du schéma rendu 
patent par le plan du village et dont 
leurs gestes quotidiens rafraîchissent 
perpétuellement les contours.— LÉVI- 
STRAUSS;, C.,-'Tristes propiques', Union 
Générale d'editions, Paris, pp 188-189. 
I1 modulo che condiziona ogni misura 
nella casa & costituito da un elemento 
base di arredamento, i ''tatami'', spesse 
stuoie rettangolari di paglia, normal- 
mente di m.1,82/091, delimitate da una 
fascia di stoffa nera che, combinate 
in aggiunta reciproca, ripocrono com- 
pletamente il pavimento di ogni stanza. 
— CHIAIA, V., "Prefabbricazione', Leo- 
nardo da Vinci editrice-Bari, p 353 
(1963). 

"Vu l'uniformité dans les dimensions 

et dans l'ordonnance intérieure des 
maisons, il suffit pour connaître la 
superficie d'une ville de savoir de 
combien de maisons elle se composait", 
GUTKIND, E.A., 'Le crépuscule des 
villes! , Edition Stock, pp 26-27 (1962). 
WIENER, N., 'Cybernétique et société, 
Union generale d'éditions, Paris, p 26 
(1971). 

[+] symbolise l'interaction entre les 
éléments du produit simultané. 

Lire à ce propos, FOCILLON, M., 'La 
vie des formes', Presses Universit- 
aires de France (1964). 

La maison que porte le mollusque pos- 
sède pour lui une tonalité d'habitat, 
mais lorsqu'il est mort et que sa 
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14. 


EVE 


16. 


LA 


maison reste vide, elle prend pour le 
bernard-l'ermite une nouvelle tonalité 
d'habitat qui lui est propre. UEXKÜLL, 
J.V., "La théorie de la signification!, 
Editions Gonthier, p 135 (1956). 

Homme et Nature — Tout ce que fait 
l'homme et que ne peut faire la nature. 
Tout ce que fait la nature et que ne 
peut faire l'homme. ROSTAND, J., 
‘Carnet d'un biologiste', Editions 
Stock, pp 29-30 (1959). 

DeHERVE, J. de Goer, 'La théorie trans- 
itive des états de conscience', Cyber- 
netica (1970). 

Lire à ce propos: MERLEAU-PONTY, M., 
"La phénoménologie de la perception!, 
Editions Gallimard (1945). 

Les termes ''signifié'" et "'signifiant"! 
ont été empruntés à la théorie de la 
linguistique générale, d'après F. de 
Saussure. Saussure a démontré le carac- 
tère des liaisons actives entre les 
composants constants de l'entité 
linquistique: le signifié (concept) et 
le signifiant (la structure). L'entité 
linquistique n'existe que par l'associ- 
ation du signifiant et du signifié. 

Dès qu'on ne retient qu'un de ces élé- 
ments, elle s'évanouit; au lieu d'un 
objet concret on n'a plus devant soi 
qu'une pure abstraction. On a souvent 
comparé cette unité à deux faces avec 
l'unite de la personne humaine, com- 
posée du corps et de l'âme. Le rap- 
prochement est peu satisfaisant; on 
pourrait penser plus justement à un 
composé chimique, l'eau p.ex. est une 
combination d'hydrogène et d'oxygène; 
pris à part, chacun de ces éléments n'a 
aucune des propriétés de l'eau. 

De SAUSSURE, F., "Cours de linquistique 
générale', Etudes et documents Payot 
Paris, pp 144-145 (1971). 

L'organe contacteur est le modèle des 
propriétés physiques et mentales de 
l'homme, qui mènent à l'élaboration du 
besoin, de l'attitude et de l'élément 
physique extérieur; ces trois éléments 
ont été donc déterminés comme les com- 
posants constants de cet organe — (par 
l'auteur de cette communication). 

La structure de ces deux agents est 
unique; chacun d'eux est composé par 
une masse significative et son organe 
contacteur — (par l'auteur de cette 
communication). 

Ce schéma est basé sur celui des rela- 
tions entre la personne et les choses. 
DAVID, A., "Structure de la personne 
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humaine', Presses Universitaires de 
France, p:6,(1955). 
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Starsite: toward a decision making 


mechanism for housing 


PROFESSOR R. I. VACHON 
Auburn University, USA 
and H. G. HAMBY,R. E. LUEG, J. E. COX 


This paper presents the rationale for and 
the elements of a model of the housing 
system in the United States, À macro- 
scopic view of housing is taken with res- 
pect to the various elements of the housing 
problem. Consideration is given to engi- 
neering and technological resources, 
Institutions; housing management, econom- 
ics, legal and political, environmental 
studies and natural resources, human 
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needs and sociological behavioral studies. 
Definition is given to the housing problem 
by categorizing the various aspects of the 
problem under one of these areas, These 
areas are examined to determine the inter- 
and intra-relationships of the elements of 
each of the areas and discussion is given 
as to a procedure for examining each 
element in depth. 


A qualitative model of the housing in 


the United States is presented and 

represents a blueprint for the expert in 
a particular area to view and appreciate 
housing as a system and offers the novice 


or expert a beginning point for evaluating 


where his changes may be reflected in the 
system. More importantly, the study shows 
areas for research to complete the model, 


Introduction 


Twenty faculty from a number of univer- 
sities and academic disciplines plus a 
staff of five participated in a systems 
approach training exercise sponsored by 
the United States National Aeronautics 
and Space Administration at the George C. 


Marshall Space Flight Center in Huntsville, 


Alabama, during the summer of 1972 to 
apply the systems approach to the housing 
problem in the United States. [1] The 
objective of the group was broadly stated 
as indicated and the group, through a 
series .of seminars summarized in Reference 
[1] and the application of the methodology 
of Fig. 1, defined a problem that one 

does not admit to in the problem of 
housing and outlined an approach based on 
the methodology of Fig. 1 to attack the 
problem unstated by many but defined by 
the group. 


The group was, by and large, inexperie- 
nced in the area of housing except for 
four architects and had never worked 
together at any previous time. Two members 
of the group had studied the systems 
approach - one as a thesis topic, and the 
other as an instructor - but none had had 
the responsibilities for the magnitude 
of the summer effort. The staff had 
conducted four such programs on different 
topics in the past. This background on 
the group bears on the reported results 
since one must look at the group and its 
results together. 

The result of the study was not 
immediately apparent, nor was the path 
to the result clear. In fact after an 
intensive seven weeks of information 
analysis there were three objectives that 
the participants felt would be fruitful. 
These were new towns, national decision 
making mechanisms for housing, and a living 
unit that could be varied to suit the 
users needs and tastes. The second 
objective was chosen since it was the most 
general problem and appeared the most 
logical for a small group of new styled 
experts to undertake. The result of the 
effort described herein is a qualitative 
model of the housing system as it exists 
in the United States, The model is incom- 


THE SYSTEMS APPROACH (DEDUCTIVE/INDUCTIVE) 


{ SELECTION 


Fig.1 Steps in the systems approach 


N  CRITERIA À 


DENT 


. 
DCRDCNCNCEES 


ni TRANSLATION 4 


ANALYSIS 


TRADEOFF: 


PLAN 


e MISSION PLAN 
© SYSTEM DEFINITION 
e SYSTEM ELEMENTS REQ'TS 


e ADVANCED DEVELOPMENT 
PLANS 


[CYCLE IS REPEATED IN 
SUCCESSIVE ECHELONS OF 
1 SYSTEM PLANNING OR DESIGN 


4 SYSTHESIS » 


APPROACH 
vs. 
CRITERIA 


291 


plete in that all interactions and intra- 
actions of the elements of the model are 
not defined. The model can be completed 
when these interactions and intra- 
actions are known and related mathematic- 
ally. However, one should not discount the 
contribution presented hereïin, for a 
rational approach to defining this 
complex multidisciplinary socio-economic 
problem is presented. Furthermore, the 
report and the paper serve as a primer 
for the expert who, viewing his own area 
of competency, suddenly realizes that he 
must understand all areas of the problem. 
The paper presents not only the result of 
the effort, but also an outline of the 
path to the end, plus a synopsis of 
information pertaining to the housing 
problem. 


Systems approach path 


It is easy to state that applying the 
systems approach to a complex problem 
is difficult but it is hard to convey 
the difficulties once the approach is 
applied and the well-ordered steps are 
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set out to show what was done. First, the 
housing problem, if one thinks in terms 
of the total housing concept, considers 
how man lives in his environment and 
is multidisciplinary in nature with il1- 
defined interrelationships of disciplines. 
The material presented establishes how the 
MSFC-Auburn faculty fellows attacked a 
problem area foreign to the majority of 
the group. The chronology of events 
should prove useful to anyone uninitiated 
to the problem area who things of applying 
the systems approach or systems engineer-! 
ing to housing. The group effort represe- 
nts about two man-years of work consider- 
ing the first half of the problem is an 
information-gathering process. The 
following discussion traces the events 
of the group and sets the stage for the 
reader. 

On Friday of the first week at MSFC, 
the fellows commenced to consider the 
problem as described in the first para- 
graph. The following Monday, the fellows 
decided that before an objective could be 
well defined, they would need information 
on the housing problem. Since information 
on the housing problem is in itself an 
objective, the systems approach is 
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Fig.2 Participant organization at the beginning of the second week to enter information on housing system to select objective 
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applicable to solve this problem as 
indicated in Fig. 2. The requirements 
for this objective are information 
acquisition areas as identified by the 


| generic topic areas established by the 


fellows. Figure 3 shows the task groups 
that the fellows decided upon. The task- 
group titles parallel the information 
acquisition areas. The fellows elected 
task-group leaders and project leaders 
three times during the course of the 
program as shown. Also, it should be 
pointed out that the fellows volunteered 
membership for a particular task group. 
Each of these information acquisition 
groups had a number of approaches as to 
Ways to gather data. These approaches 
are identified and include speakers, 
libraries, inquiries, etc. The trade-off 
of information acquisition approaches 
was controlled by the constraints and 


criteria identified in Fig. 2. The speak- 


ers Were preselected by the staff since 
the participants would not have had 


time to arrange for the number of speakers 


needed to gather information germane to 
the problem. The resulting body of 


information summarized at the end of five 


weeks identified a number of objectives 
as each speaker presented a topic of 


interest to him. Some of these objectives 
are: 


Early Fire and Smoke Detection 

Disposal-Solid Waste 

Power Line Fault Detection 
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Fireman Life Support Systems 
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Soil Testing 
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National Building Research Institute 

Definition of Housing Market 

Reduction of Corrosion 
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Safer Stairways 


STAFF 


VACHON 


RL 
J.E. COX 
J.F. O'BRIEN 


H.G. HAMBY 
R.E. LUEG 
W.R. PAYNE 


I a EN RE RU 
1st TOM CROWLEY 
2nd RAY REED 
3rd_ WALT VODRAZKA 


DENIRE 
TECHNOLOGICAL RESOURCES 


TASK GROUP LEADER 


1st DICK SHCOEN 
2nd DICK GROT 
3rd RAY WAGGONER 


MEMBERS 
GRO À 


HARRY TOWNES à 
RALPH TURNQUIST 
RAY_WAGGONER 


INSTITUT IONS : 


HOUSING MANAGEMENT, 


AND ECONOMICS 
LEGAL AND POLITICAL 


TASK GROUP LEADER 
1st BOB BURNHAM 


2nd BOB LYNCH 
3rd AL FLECHSIG 


MEMBERS 


BOB _BURNHAM 
AL FLECHSIG 
BOB LYNCH 

DAVID SIGLE 


Ste STUDIES 
NATURAL RESOURCES 


TASK GROUP LEADER 


1st KEITH CRANDALL 
2nd MILT SHUTE 
3rd CRAIG BLEVINS 


MEMBERS 
| 


RAIG BL 
KEITH CRANDALL 
TOM CROWLEY 
RAY_ REED 
MILT SHUTE 


Fig.3 Organizational chart of Auburn design program 
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Fig.4 Participant interaction at the beginning of the seventh week to select topic 
for study and apply NASA Systems Design Technology 
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Fig.5 Diagram of systems approach to objective selected for study (note nesting of 
systems approach objectives as shown in Fig.5) 


240 


TOPIC 
POLICY FOR NATI0 
DEVELOPMENT AND 
À DECISION-MAKING 
MECHANISM FOR HOUSING 


NAL 


Government cooperation (local-Regional) 

Reduction of Electrical Shock 

Using the systems approach diagram, the 
next step of the participants is shown in 
Fig. 4. Here, the objective was to select 
an objective and the requirement was 
information on objectives which had been 
gathered previously. Thus, there were 
several objectives that were available 
for trade-off. The constraints and 
criteria, controlling factors(Fig. 4) for 
trade-off dictated to the participants 
the program objective - a mechanism for 
decisionmaking and policy development 
for housing. By having this objective 
developed during the seventh week, the 
group then established the requirements 
for this objective as shown in Fig.5 . 
Figure 5 shows that the basic requirements 
for such an objective are a model or 
models of the housing problem and an 
organization for studying, using, and 
developing the model and presenting 
results'of the model output subsequent to 
known inputs. As is seen in Fig.5, each 
of these two requirements is in itself an 
objective for a systems approach study 
as are some of the constraints and crite- 
ria. Furthermore, as indicated, the 


decisionmaker that the organization may 
be responsible to has not been identified 
a priori since this is felt to be a part 
of the systems approach. Figure 6 shows 
the nesting of these two requirements, 
objectives in themselves, in the dia- 
gram for the systems approach for the 
main objective. 

Once a decision as to the objective 
was made, the group applied the systems 
approach to develop this objective into 
a result as discussed in the following 
section. 


Background information 


As is seen in Fig.2, information was 
collected during the first phase of the 
program and classified under one of the 
four generic titled areas: 
Engineering and Technological Resources 
Institutions: Management and Economic 
Legal and Political 
Environmental Studies and Natural 
Resources 
Human Needs and Sociological Behavioral 
Studies 
The information collected and generated 
is too lengthy to present here in detail. 
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Fig.6 Diagram of systems approach to objective selected for study showing requirements 
of primary study as objective approach studies nested in the primary study 
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The reader is referred to STARSITE: TOWARD 
A DECISION MAKING MECHANISM FOR HOUSING 
[1] for details. À partial summary is 
included for general information. 

Land, labor, loans, and lumber are 
four basic problem areas facing the 
housing industry. The great issues of 
today are of an interactive social and 
technological nature, and housing is 
at the core of these issues, Even a 
casual reading of STARSITE suggests that 
there are many differences as well as 
concurrences of opinion as to how one 
goes about solving the housing problem 
in the United States. Only a few salient 
observations are given. For instance, 
many stress that the adoption of 
enforceable performance specifications 
in the building codes which they feel 
would be an important step in promoting 
technological innovation in the building 
industry. The rather rigid building 
codes of today, which often list 
specific materials that must be used in 
the construction of homes, make it all 
but impossible for manufacturers to 
introduce new construction materials and 
methods into housing. 

The adoption of greater code uniformity 
throughout the nation seems to be con- 
sidered a desirable goal to reach. One 
modular home manufacturer indicated that 
they could save at least ten percent on 
the cost of a home if the building codes 
were more uniform. Other modular home 
manufacturers have speculated that the 
cost of the home module could be reduced 
by fifty percent by using mass production 
techniques and new technology. Many 
speculated that not only would the cost 
of the home be reduced but that the 
quality of construction would be improved 
markedly. 

Others ‘'ere not so optimistic that re- 
duction of the cost for housing would 
ever become a reality. They indicated 
that the price of land is a dominant 
factor in causing the increase in housing 
costs and that financing costs also 
significantly influence the increasing 
financial burden of home ownership. It is 
apparent that the housing problem is a 
vast one and seems to be almost beyond 
the ability of man. Everyone recognizes 
the primary problems to be so-called 
people problems and people problems should 
certainly not be considered to be insolu- 
ble. Only after the social problems are 
identified and solutions are indicated 
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can technology be expected to provide a 
meaningful impact toward a total solution. 


Elements of housing problem 


Housing problem statement and Scope 

Housing is important to our nation's 
well-being, and it represents a sector 
of our economy where major social and 
economic benefits can be developed. 

The housing dilemma continues notwith- 
standing the attempts of government, 
institutions, and private industries 
efforts toward solutions. It continues 
because the housing problem is related 
to many other problems facing our nation 
and it continues because policy, resource 
allocation, and decision-making criteria 
to accomplish stated objectives have not 
been established in a methodological 
approach. 

Housing, in itself, is a complex 
system and occupies a very central place 
in people's lives. The way in which a 
family uses its house and environment is 
intimately meshed with its most basic 
values, and because human values vary, 
so do housing requirements. Furthermore, 
when added to the economic, social and 
political factors that surround and 
influence housing, one recognizes the 


extensiveness of the total housing system. 
These factors have operated to improve 
housing and its concomitant services for 
some users, yet many have been forced by 
these same factors to live in grossly 
substandard housing. 

American families, upon acquiring the 
wherewithal, have generally moved to 
suburbia,. Many influences, including 
government programs, have provided and 
stimulated this trend. Notwithstanding 
the rejection of middle class values by 
the present youth culture, the relocation 
from urban areas continues unabated and 
is now giving rise to associated diffi- 
culties. Social and financial problems 
are beginning to emerge in communities 
that were, until recently, viable and 
attractive. Suburbia's needs should not 
be overlooked, but most of the real 
problems are in the urban areas: housing, 
poverty, social alienation and conflict, 
the breakdown of services, and the 
deterioration of the social and physical 
environments, to mention a few, 


In the twenty years prior to 1968, the 
housing industry had produced over thirty 
million new housing units, but of this 
total, fewer than one million units were 
for poor families. The success of much 
of this new housing has been spotty, 
partly because of the lack of attention 
given to sound, comprehensive planning. 
Many people have been moved and 
communities disbanded by design. The 
Douglas Commission report on the 
Department of Housing and Urban Develop- 
ment, which was released in December 1968, 
indicated that: 

1. Urban renewal had destroyed 

400,000 living units for the poor 
and provided sites for only 20,000 
public units. 

2. Over one-half of the public housing 
units built were either efficiency 
or one-bedroom units, 

The institutions and industries that 
are directly concerned with housing have 
not yet produced changes that reflect 
their potential contributions. Housing 
production is up; however, according to 
other sources and measures we are losing 
ground. The complexities of the housing 
product reflect a much wider range of 
physiological, psychological, and social 
needs for the dwelling user than are 
generally considered by present housing 
system products. In addition, housing 
programs that are poorly conceived and 


implemented ofttimes benefit the user less 
than the intermediaries that make it all 
possible. 

In 1968, Congress issued quantitative 
housing goals. The goals projected for 
the next decade were twenty-six million 
dwelling units of which six million were 
to be for low-income families. The 
implementation of the declared policy 
was not specified. 

The goals would require a rate of 
construction nearly double that previous- 
ly attained and would face a drastic 
diversion of resources toward housing 
construction, an expanded program of 
assistance and subsidies for low-income 
people, the overcoming of institutional 
constraints, and, more recently, the 
demands for ‘a piece of the action' by 
minority groups with respect to their 
housing. To be worthy of a national 
commitment, the housing goals must be 
approached in view of the social, econo- 
mic, and political problems of our time; 
civil rights, open housing, the question 


of whether to use housing as a tool for 
dispersing or for further concentrating 
low-income people, and a redistribution 
of income by various means. 

The provision of housing in the United 
States is approximately a 50 billion per 
year industry, and constitutes one of 
the nation's largest industries. Today, 
the industry is popularly characterized 
as backward, highly fractionated, and 
involving a large number of small labor- 
intensive local businesses. Whereas, in 
1963, the Sub-Panel on Housing reported 
to the Panel on Civilian Technology 
Office of Science and Technology Execut- 
ive Office of the President, that in 
the prior fifteen years the residential 
building industry had made impressive 
gains in meeting the nation's pent-up 
housing needs. Furthermore, in the 
process, it developed into a local well- 
organized industry, with many important 
innovations being introduced ranging from 
finance to technology. The major criti- 
cisms of the present industry are partly 
because of its inability to provide 
housing for low-income groups, and, in 
general, provide housing that supports 
the aspirations of all economic and 
social groups within our society. Also, 
housing has failed to contribute as 
much as it might to national economic 
growth. 

Housing starts per thousand population 
averaged 7.5 during the years 1961-1968 
compared with 7.8 during the years 1953- 
1960, The value of residential construc- 
tion as a percent of GNP for these years 
is shown in Fig.7. The 'credit crunch' of 
1966 was primarily responsible for a 
twenty percent cutback in housing starts 
from the previous year. There was no 
comparable impact on other sectors of the 
economy. À similar situation occurred again 
in 1970, The question, of course, is 
how well monetary and fiscal policies are 
integrated with housing policies. An 
overall systems view would suggest 
approaches which would allow policy and 
decision-making selections that would not 
unduly burden any one economic sector. 


Objective 

The generating system selected for use 
took the format shown in Fig.8. In the 
context of a problem-solving mechanism, it 
can be seen that the various systems com- 
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Fig.7 Value of residential construction as a percent of GNP — 1952-1968 
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Fig.8 Decision-making mechanism for housing 


ponents identified earlier have now been 
restructured into a more operationally 
useful way. 

For the problem objective, two main 
requirements were identified - a model 
of the housing process and a management 
institution to operate the model. Imme- 
diately above are listed the other 
problem solving components which evolved 
from the problem statement. These are 
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the criteria and constraints impinging 
upon the problem space from the greater 
environment. They can also be called the 
mechanism's controls. They serve to 
identify the conditions under which the 
problem statement must function to be 
operational.. À single element which can 
be construed both as a criteria and a 
constraint is that the decisionmaking 
mechanism must be usable on a national, 


state, regional, metropolitan, and local 
level. 

The single element can be further 
expanded, although it is not shown in 
Fig. 8. À constraint upon the objective is 
the very nature of the diverse, widely 
diffused decisionmaking process which is 
a property of the existing system. 
Criteria are that which is within the 
present system of free enterprise and 
business/government quasipartnership. 
This mechanism must be a voluntary one. 
If it is to be used, it must show clear 
advantage for its use to all participants 
in the housing process, and then in terms 
of their specific objectives. Obviously, 
these objectives vary for each. The 
mechanism must also be extremely flexible. 


These considerations shall permeate the 
remainder of this chapter. 

The requirements, in turn, feed into 
the vertical series of boxes to their 
immediate right. These are indicative of 
possible ‘alternative approaches to satis- 
fying the requirements. The alternatives, 
together with the requirements, comprise 
the analytical phase of this approach. 
The alternative approach boxes feed into 
a box immediately to their right which 
are labeled ‘tradeoffs'; i.e., where 
each alternative is considered in terms 
of its ability to meet the original 
objective. It should be noted that the 
constraints and criteria feed into this 
box. This is a graphical indication of the 
fact that this consideration of various 
alternative approaches is at all times 
conditioned by the previously established 
constraints. Because of this operational 
mode in all likelihood no single alter- 
native alone will be able to fulfil the 
needs of the original objective. Hence, 
the name of the box is a definition of 
its functional operation: the synthesis 
of an alternative or finite set of alter- 
natives which has been brought about 
through trading off advantages and dis- 
advantages of the previous series of 
approaches to best meet the stated 
constraints and criteria. The result is 
the final box at the extreme right of 
Fig.8. It is the output or solution which 
would be hypothetically synthesized which 
is believed at this stage to best meet the 
original objective. This can be in the 
form of a stated mission, an operational 
plan, a system made up of a kit-of-parts 
(i.e., specific elements and stated 
rules which control their permissible 


interactions), a broadly stated problem 
solution, or a carefully developed and 
designed mechanism. In the case of a 
specific objective, it is possible to 
jump ahead and state the desired output 
in the following operational terms: 

A rational methodology for making 
decisions relative to achieving the 
broad national goal. 

A decent home and suitable living envi- 
ronment for every American family. 

The kind of decisions produced would 

possibly involve the following factors: 


1. The number of units of housing 
required, desired, and/or producible 
under a given set of conditions. 
These conditions would appear as in- 
puts into the decision-making mecha- 
nism. 


2. The use of land, allocation of 
natural resources, the structure or 
and requirements for financing, and 
the necessary public services such 
as utilities, transportation, health, 
education, and welfare as implied by 
that set of inputs. 


It should be remembered, at this stage, 
that any final output is not necessarily 
the desired end item. As the feedback line 
implies, this is an iterative process. 
Each output must be fed back through each 
successive stage, considering its abiliti- 
es to meet the originally stated objective 
in light of the stated criteria and 
constraints. It might be found that it is 
able to very closely approximate the 
originally stated objective on the very 
first cycle. On the other hand, it may 
be necessary to return to the analysis 
stage in order to pose new alternatives 
and thereby allow additional tradeoffs to 
take place. By failing, it may be nece- 
ssary to cycle further back to create 
additional requirements. If this fails 
to eventually produce acceptable output, 
it may be necessary to return to the 
beginning of the problem and even restate 
the original objective itself. 

Now making the concept of systems 
embedment operative will be illustrated 
(Fig.9). Each of the two requirements 
become the objectives for new submechani- 
sms. These submechanisms are then expand- 
ed into their own sets of requirements and 
constraints. The housing model will be 
considered first. 
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Housing model 


Output. Decisions pertaining to land use, 

allocation of resources, financing, and 

public services in providing housing needs. 
Constraints. Decisions must be usable 

on national, state, regional, metropolitan, 

and local levels. 

Requirements. 

. Capital. 

Public Services. 

. Land use. 

Natural resources. 

Housing production. 

. Market characteristics. 

Research. 
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Fig.9 Housing Model 


The housing model Fig.9 has now become 
an objective and is the heart of the 
problem. The constraints at this level 
remain as for the overall objective. 


In establishing the requirements within 
this format, it was discovered that cert- 
ain elements did not quite fit the seman- 
tic level of the other individual require- 
ments. Rather, they seemed to be infused 
Within all of the requirements of this 
submechanism and to somehow tie them 
together into a meaningful whole. It was 
determined that these are the intra-actio- 
ns that exist within a specific major 
functional component of a system that 
serves to tie the subelements of that 
component together. 
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In a like sense it was discovered that 
other elements did not fit to this sub- 
mechanism's objective but were somehow 
related to its definition and operation. 


It was determined that these are inter- 

actions between this component and other 
major components in the greater problem 

solving system. 


Both inter- and intra-actions are most 
assuredly requirements and resources 
necessary to the operation of this mechan- 
ism. Therefore, they have been placed in 
the center column of the diagram but their 
boxes and connectors are dotted to indi- 
cate graphically their significantly 
different nature. While not displayed in 
similar diagrams later in this chapter, 
they should actually be shown wherever 
this format is used. 


Each of the seven requirements for the 
housing model was made the objective for 
a submechanism to determine the constra- 
ints and requirements at this level of 
expansion. Figures 10 through 16 display 
the capital, public services, land use, 
natural resources, housing production, 
market characteristics, and research 
sub-models, respectively. The right hand 
portion of the original overall''objective! 
chart consisting of the alternative 
approaches, tradeoff and results; boxes 
as well as the feedback lines are not shown 
in the following charts; i.e., because 
this format was utilized as an organiza- 
tional mechanism for developing the problem, 
Synthesis of alternatives, etc., will be 
covered in detail. The report discusses 
Figs. 10 through 16. 


Management institution 

The management institution required to 
operate the housing model is expanded to 
its first sublevel in Fig.17. The specific 
organization for this task has not been 
identified. The nature of this organi- 
zation will begin to develop as the model 
itself takes form along with the concurre- 
nt identification of its specific users. 
This subcomponent would then become the 
topic of additional systems studies. At 
this point, only general requirements 
which would apply to any final institutio- 
nal configuration have been identified. 
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Fig.11 Public services submodel 
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Fig.12 Land-use submodel 
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Fig.10 Capital submodel 
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Fig.13 National resources submodel 
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Fig.14 Housing production subsystems 
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Fig.15 Market characteristics submodel 


These requirements include: 

1. Funding - Required to perform 
management activities. 

2. Facilities - Within which to operate 
and then at a location and of a 
specific size and type necessary to 
meet the more detailed management 
requirements that are yet to be 
spelled out. 

3. Organization - The requisite 
personnel and distribution of tasks. 

4. Responsibilities - Those activities 
entrusted to the management to meet 
the criteria of its formation. 

5. Information - The raw material which 
management needs to operate the model 
effectively. 

One observation to be made in passing 

is that the decisionmaking mechanism is 
not a housing information system. However, 
its development should trigger and help 
configure such a system by indicating the 
levels of data required. 

The more important elements indicated 
in this submechanism are the constraints 
and criteria. They can be seen to have 
evolved directly from the overall const- 
raints and criteria of the original 
objective display. Any management, regard- 
less of its specific nature, must be 
adaptable to change. It must be efficient, 


up-to-date, and attractive to users and 
supporters. 

The evolution from sensing housing as 
la system as-a-whole' to the generating 
system used to expand the objective ‘a 
decisionmaking mechanism for housing'' into 
its components and subcomponents has been 
described. These components and sub- 
components have been identified and 
briefly discussed. 


Developing a model 


Models 


Definition of a Model. À model is an 
abstraction of a system which can be used 
to predict the operation or condition of 
the system through time. The useful 

aspect of a model is the prediction of 
conditions of a complex system at future 
times. À qualitative model gives the 

| general, nonquantitative relationships 
which are/thought to exist between the 
elements making up the system. À quanti- 
tative model states in terms of determini- 
stic and probabilistic equations and num- 
erical values the relationships between 
the elements. It is necessary to develop 
the qualitative model before it is possible 
to go to the quantitative phase. Both 
types of models are useful, depending 

upon the accuracy of the prediction 
required. 


Qualitative Models. Qualitative models 


are used for the explanation of general 
behavior even though it is impossible to 
obtain numerical results. Thus, social 
scientists have developed qualitative mod- 
els for the description of the behavior 
of individuals and societies. Although no 
equations or numerical values are placed 
on the elements (the societies, individu- 
als, or their interactions) of the model, 
such qualitative models can be used to 
predict behavior on a broad scale. À 
secondary use would be the explanation of 
past behavior. However, one is usually 
interested in past behavior only if 
similar circumstances can be expected to 
occur in the future; thus, the usefulness 
of explaining past behavior lies in its 
use for predictions of future behavior. 


Quantitative Models. Quantitative 


models, relating the elements of a system 
With equations and numerical values, 


have been developed mainly by the engineer 
and physical scientist. The requirement 
for this type of model lies in the nece- 
ssity for predicting the quantitative 
behavior of a system. The problems which 
are encountered in social systems strongly 
support the need for quantitative models 
of social systems. Social systems are 
very complex; thus, the ability of any 
individual to predict even qualitative 
effects of changes in the system or future 
behavior is not possible. Quantitative 
predictions without models are impossible. 
What would appear to be solutions to 

some social problems have been shown by 
the use of models to be counterproductive; 
i.e., the proposed solution intensifies 
rather than cures the problem. Alterna- 
tively, the effectiveness of the solution 
is much less than had been expected. For 
these reasons then it is necessary that 
realistic and effective models be develop- 
ed for social systems. If this is not done, 
coordinated and effective planning will be 
impossible and the resultant costs to 
society will be high. 


Modelling Difficulties. Difficulties in 
modelling a social system can be divided 
into several areas which are in effect 
the processes which must be gone through 
to create a workable model. The first 
step in the development of a model is the 
identification of the important elements 
which make up the system to be modelled. 
For the housing system, this initial 
identification of elements has been accom- 
plished. The qualitative description of 
the relationships which exist between 
these elements will be done for some 
elements in this section. The identifi- 
cation and qualitative description of 
the elements and their interactions can 
be a formidable task for social systems 
such as the housing industry where the 
elements and their intra-actions may not 
be easily defined, It has not been 
possible to fully develop the qualitative 
relationships for all the elements pre- 
sented in the previous section. However, 
since readers may not be familiar with 
this process, an attempt has been made 
to indicate the steps in the development 
of the qualitative intra-actions for 
several of the elements, This is followed 
with the development of the qualitative 
interactions among the initial elements 
of the model identified. 
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Developing a qualitative model of the housing industry 


Suggested Steps. The development of a 
qualitative model is an iterative process. 
The following description is of the first 
iteration in this process and consists 
of the following steps: 

1. Identify the inputs and outputs for 

each initial element of the model, 

2. Identify the intra-actions, which 
are the various ways that the inputs 
inter-relate and combine to produce 
the outputs. 

3. Identify the interactions among the 
elements. These interactions are the 
relationships that exist among the 
initial elements of the model. 

4, Evaluate the condition of the model 
and consider the possibility of 
adding more elements. 

The initial elements of the model for 
housing industry identified in the previ- 
ous section are as follows: 

1.:Capital. 

2. Public Services, 

3. Land use, 

4, Natural resources. 

5, Housing production. 

6. Market characteristics. 

7. Research. 


Inputs, Outputs, and Intra-actions. To 
illustrate a technique for identifying 


inputs, outputs, and intra-actions, the 
land-use element of the model will be used 
in the following discussion, 

The output of the land-use process is 
the amount of land to be used for various 
purposes. These uses include residential, 
industrial, governmental, and commercial. 

The inputs will be taken as the require- 
ments and constraints identified. Thus, 
for the land-use process, these will be: 

1, Land market. 

2. Capital availability. 

3. Community land improvements,. 

4, Site improvements. 

5. Land-use regulations. 

6, Locational opportunity. 

7, Land-use planning. 

8. Property tax policy. 

The next step is to identify the intra- 
actions; i.e., the ways that these 
particular inputs inter-relate and combine 
to produce the output that was previously 
identified. The first-round identification 
of the intra-actions in the land-use 
process could be taken as the following: 
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1. Individual purchases land to build 
a house. 

2. Speculative builder buys land for 

the building of housing units. 

3. Developer buys land, then sub- 

divides and improves. 

4, Public housing authority buys land 

for public housing. 

5, Professional consortium buys land 

for new community development. 

Table 1 shows the inputs, outputs, and 
intra-actions as identified for the land- 
use process on the first cycle of develo- 
ping a qualitative model of the housing 
industry. 

Table 2 through 5 are the results of 
similar efforts to identify the inputs, 
outputs, and intra-actions for the public 
service, natural resources, housing 
production, and market characteristics 
processes, 

Now, an attempt is made to further spe- 
cify and qualify the intra-actions 
already identified in the previous step. 
There are many ways of accomplishing 
this task. One might document the process 
in more detail. An example of this appro- 
ach follows as applied to the intra- 
actions in the housing production process: 


1. The rate of housing production is 
originally estimated by the collective 
managements of the housing construction 
organizations, ranging from stick build- 
ers to semi-industrialized mass producers, 
It will not exceed their total capacity 
to produce. 

a. Their estimate is derived from their 
collective evaluation of the housing 
market characteristics and of 
externally derived information which 
may project trends not yet 
reflected in the market place. 

b. The original estimate may be modi- 
fied by fiscal policy. Its primary 
effect will be felt through the 
availability of a construction model 
to support the operations during 
the construction phase (before the 
use of long-range capital by the 
user at purchase time). 

2. Each construction management organi- 
zation arranges the labor supply, 
materials, and subsystem for its project- 
ed construction. When the total supply 
of each of these factors cannot support 
the demand, deliveries are slowed and/ 
or cancelled, projects lie idle await- 
ing scarce craft labor, and installations 
are postponed. The net effect is to re- 


TABLE 1 


Land-use process 


Inputs 


Intra-actions Outputs 


Land market 


Capital availability 


Community land 
improvements 


Site improvements 


 Land-use regulations 


Locational opportunity 


Land-use planning 


Property tax policy 


Individual purchases 
land to build a house 


Developed residential land 


Undeveloped residential land 
Speculative builder buys 
land for the building of 
housing units 


Developed industrial land 


Developer buys land, 
subdivides, and improves 


Undeveloped industrial land 


Developed governmental land 
Public housing authority 
buys land for public 
housing 


Undeveloped governmental land 


Undeveloped commercial land 
Professional consortium 
buys land for new 


Undeveloped commercial land 


community development 


TABLE 2 Public service process 


Input 


Intra-actions Output 


Utilities 
Types available 
Cost 


Social services 
Recreation 
Transportation 
Communication 
Tax base 


Community size and 
relation to others 


Social attitudes 


Legal provisions 


Allocation of necessary 
services to residential 
areas 


Distribution system 


Assessment method 


Taxation 
Monthly 
Private 


Accessibility 

Metropolitan action consolidation 
Socioeconomic mix 

Community political mechanism 


Mayor and city council 
City manager 
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TABLE 3 Natural resources process 


Input Intra-actions Output 


Raw materials Governmental regulations : Resources that are 

or will be available 
for industry (housing 
Research & Exploration New methods for extracting materials or otherwise) while 
maintaining a desir- 
able ecological 
Industry Development of alternate materials balance 


Imports Industry self-regulation 
Inventory Recycling or reclamation 


Ecological Considerations 
Depletion rates 

Standards & Specifications 
Competing uses 

Technology 


Demand influence on price 


TABLE 4 Housing production process 


Inputs Intra-actions Outputs 
Capital 1. Managements estimate production (within Production of houses 
overall capacity) from market characteris- 
Labor tics and external information. Use of material 
Building a. Fiscal policy limits construction money. Use of labor 
materials 
Technology b. Housing stock information used to plan Expenditure of capital 
rehabilitation, 
Housing stock Active management 
2. Managements manipulate labor, materials, 
Management and subsystems to support production within Use of subsystems 
quality limits specified by building codes. 
Subsystems Land use 
a. Production rate slowed if any factor 
Fiscal policy insufficient. Use of public services 
Construction b. Technology applied to maximize efficiency 
capital in construction within limits specified 
Labor supply by labor practices and policies. 


Labor policies 3. Public services connected. 


Building codes 4. Construction capital replaced by long-term 
capital supplied by first direct user. 

Market 

characteristics 


Public services 


Information 


Fi 


TABLE 5 Market characteristics process 


—_—_——————————————————————————————. 


Input Intra-actions 


Output 


Demographic Data Potential occupant measures perceived User consump- 
1. Total population benefits of a change of residence tion of 


Economic status 
Religion 


= 
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Current Residence 
1. Type 

Location 

Density 

. Public safety 

. Cost 

Ownership 


Housing Stock 

Type 

Location 
Density 

. Public safety 
. Cost 


Ownership 


ancial and Moral Incentives 
Job locations 

Tax incentives 

Public concern 

a. Re-overpopulation 

b. Environment 


LL 
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Knowledge of Alternatives 
1, Information media 
2. Demonstration projects 
3. Social intercourse 


duce the overall housing production rate. 
Utilization of labor is constrained 

not only on the basis of total hours but 
must consider availability by craft and 
special practices and policies which 
may limit hours/man and/or productivity. 
For on-site construction, modern techno- 
logy may be investigated in a search 

for improved or more efficient materials 
and/or subsystems. Management must 
assure that all procedures, materials, 
and subsystems are consistent with the 
regulations applied by local building 
codes. 


Age against available housing stock. The housing, i.e. 
Sex incentives to move relate to how well who buys or 
Family status the current residence is perceived to rents what 

. Marital status suit occupant needs. Both the percept- kind of living 
Household status ion of benefits of relocation and the unit 
Ethnicity nature of the available housing stock 

Education can be affected by external controls 


3. Public services to operate the mass 
transport, communications, environmental, 
and waste disposal systems are required, 
Management assures that connection is 
made to the public or private utilities 
supplying these services. 

4. The first direct user provides long- 
term capital when he accepts the house. 
This replaces the higher cost construc- 
tion capital which supports the project 
to this point. 

5. The basic output is the number of 
living units by type produced in a 
specified time period. This output is a 
measure of the effectiveness of the 
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collective managements. Secondary outputs 
are the expenditures of materials, labor 
by craft, and subsystems required to supp- 
ort this production. Land use for new 
housing and public service load can also 
be obtained, 

After specifying the intra-actions in 
more detail, one can then construct a 
schematic block diagram to illustrate 
their relationships. It should be noted 
that this particular approach will assist 
in the quantification of the model, if 
desired, at a later stage in its develop- 
ment. The following example of this 
procedure for the land-use process is 
taken in part from Reference [2]. 

Assume that a combination of builders 
motivated by profit sets out to acquire 
at the outskirts of a city a sizable 
acreage of open land for development into 
a large-scale housing project including 
a regional shopping center. In one 
behavioral sequence, they determine an 
income-producing need for this activity, 
define their objectives, consider the 
alternatives, and reach a decision to 
go ahead and acquire a site. The developers 
considered three sites. The consequent 
purchase of a site involves a second 
sequence of behavior, They determine the 
extent of their profit needs, set their 
goals, consider alternatives, and again 
reach a decision. In this process, they 
consider a variety of sites. With respect 
to Site No. 1, the developers' inter- 
pretation of public interest values 
indicates a possible stalemate that they 
can ill afford. First, they foresee 
difficulties in obtaining changes in 
zoning to permit the kind of development 
they have in mind, and second, they 
anticipate that prevailing public policies 
on extension of sewer and water facilities 
will interfere with their plans. 

In the çase of Site No. 2, the public 
interest considerations are less important 
than the culture-bound values. Several 
members of the combine of developers are 
respected residents of the small-estate 
community surrounding Site No. 2, and 
have been accepted into the colony only 
after prolonged social maneuvering. Not 
only can strong opposition from this 
area be expected, but these resident 
partners of the enterprise face social 
ostracism if they permit their profit- 
making values to prevail. Because of 
social symbols held by the developers, 
this highly promising site is eliminated 
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from consideration. Thus, in this beha- 
vior cycle, purely profit-making values 
do not lead to pure consequences, but 
rather the subsequent decision on Site No. 
3 represents à modified decision in 
consideration of other values. 

With the public announcement of intent 
to build on Site No. 3, a whole new 
pattern of behavior occurs. One group of 
nearby residents, motivated by livability 
values, suddenly becomes organized and, 
in a series of behavioral sequences, 
takes steps to thwart the new development. 
One element of the group opposes changes 
in zoning that would permit the develop- 
ment of a large shopping facility in the 
area, maintaining that the great traffic 
loads converging on the area would 
involve hazards to their children and 
noise and fumes to the general detriment 
of the area, that the flashing neon signs 
at night would have a disturbing effect, 
that the shopping center would deface 
the natural attractiveness of the area, 
and that all these considerations would 
have a cumulated effect of generally 
depressing property values for residen- 
tial purposes in the entire surrounding 
area. Another element of the group, 
motivated by socially rooted values, 
opposes the proposed lower-order residen- 
tial zoning on grounds of social disrup- 
tions. In effect, they maintain that the 
influx of lower-income groups alien to 
their symbols of social status will 
threaten the security of the group 
presently residing in surrounding areas. 
Both elements of the group were organized 
initially as separate groups, but in the 
subsequent behavioral sequence, finding. 
they had similar goals, they merged in 
the action phase of their missions. 

Other groups may align themselves with 
the developer according to other values: 
the social need for more housing, the 
industry-attracting significance of an 
adequate supply of housing, the prosperity 
symbolism of outward signs of growth, 
etc. As the behavior cycles more from 
value stimulus to action, these groups 
may also merge and function as one. Other 
new cycles may be introduced. For example, 
the consolidated opposition may seek 
support of political groups, or the 
developers and their sympathizers may seek 
support of influential persons in the 
community, bringing the community power 
structure. into the controversy. 

Obviously, a whole new complex of values 
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Fig.18 Land-use intra-actions 
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quite different from the original profit- 
making values has been introduced affect- 
the final outcome of this struggle. The 

whole scheme may be abandoned, a modified 
scheme may be adopted as a comprimise, or 
the original proposal may be carried out. 


Fig.19 Market characteristics intra-actions 


What happens and how it affects the con- 
figuration of land uses is a consequence 
of a variety of value systems; thus, the 
land-use pattern evolves. Sometimes, parts 
of the scheme are based on actions stemm- 
ing from a pure system of values unmodi- 
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fied by other systems, and sometimes, as 
the foregoing illustration suggests, 
these actions derive from interacting 
values, not purely profit making, nor 
purely public interest or culture- 
orientated values, but a combination of 
several values. 

A schematic block diagram representing 
the previously described process and 
other possible processes within the land- 
use process itself is shown in Fig.18. It 
can be seen that Fig.18 is incomplete, 
but it does represent the skeleton on 
which can be erected many of the inter- 
relationships among dicisionmakers, their 
motivations and values and those of the 
society in which they operate. 

The following description is yet another 
way of identifying the intra-actions for 
a process; in this case, the market 
characteristics process of the housing 
industry. It should be considered the 
first cut'' in this interactive procedure, 
This first cut was built using a structure 
which could eventually incorporate quanti- 
tative data on a population distribution 
basis so that it could become part of a 
complete computerized housing model. The 
rationale for the model is shown in Fig. 
19, 

An individual is constantly forming 
opinions in his own mind with regard to 
what he believes his housing status should 
be. The block representing this operation 
is labeled ‘current 'prejudice.'" The 
inputs to the block represent the data 
which represent the individual's back- 
ground, and the assumption is made that 
this historical data can be used, on a 
probabilistic basis, to determine the 
individual's housing prejudices,. Although 
any background information is valuable in 
determining probable housing prejudices, 
education, occupation, economic status, 
and ethnic status Sseem to be the dominant 
factors (Schmid et al [3] and Van Arsdol 
et al [41). 

An individual also has actual housing 


needs, which are determined by his present 
status. Thus, personal data concerning 
age, sex, family status, and current 
residence all feed into the block entitled 
“actual needs.'' Any reasonable definition 
will suffice. It is the impact of actual 
needs upon the ''perceived needs block! 
which is important; in other words, the 
distinction between current prejudice 

and actual needs is artificial in a 
functional sense. An additional influence 
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upon actual needs is rigid enforcement of 

housing codes or other legal actions which 
tend to force an individual from his pre- 

sent home. 

An individual's current prejudices and 
actual needs are mixed somehow with 
financial and social incentives and 
promotion to form some perceived housing 
needs or desires. Perceived housing needs 
simply refer to a person's own judgement 
regarding his desired place of residence. 
In addition, an individual's knowledge 
of available alternatives, affects, to 
some degree, his desires. However, at 
this stage, his knowledge is likely to 
be quite superficial and erroneous. 

At this stage, a threshold point may be 
reached, and the individual may decide to 
look for another place to live. This 
step is included primarily as a result 
of research performed by Armiger [5] and 
Rossi [6]. This threshold point is 
indicated by the block labeled "formation 
of intentions to move'!. 

The individual then begins to seriously 
study the available alternatives, includ- 
ing the available housing and land and 
government programs and policies. His 
present financial status also has a huge 
impact upon the housing decision. 

Finally, the individual buys or rents 
a specific home. 

Interactions Among Elements. The next 
step in the development of a qualitative 
model is to identify the interactions 
among the elements. This can be accomp- 
lished by constructing a diagram using 
the seven initial elements with their | 
respective inputs and outputs identified, / 
Then, one simply connects inputs and 
outputs that are identical. The result Of 
doing this for the seven elements in the 
housing industry are shown in Fig. 20. 

It will be noted that this procedure 
results in some unconnected input and/or 
outputs. Here one must evaluate the 
resulting model and decide: (1) if he 
can supply the data for the unconnected 


inputs and (2) if the unconnected output 
is information he is seeking. If the 
answer is yes to both of these questions, 
then a qualitative model has been develo- 
ped. ‘If the answers to either of the 
preceding questions is no, then one should 
consider the possibility of adding more 
elements to the model and cycle back thro- 
ugh the qualitative model development 
procedure again. As an example of elements 
that might be added to the model of the 
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housing industry at this stage, refer to 
Fis:21. 

It should be noted that the development 
of a qualitative model is an iterative 
process requiring much judgement and 
a good understanding of the processes 
involved, 


Developing a quantitative model of the housing industry 

The preceding has outlined the development 
of the qualitative intra-actions and inter- 
actions for the elements of the housing 
model. As can be seen, the development 

of even the qualitative intra-actions 

and inter-actions is a very time consuming 
and complex task. 


CONTROLS 
AND 
STANDARDS 


RESEARCH | 


GOVERNMENT 
MEASURES 
TO CONTROL 
ECONOMY 


RTA 
HOUSING 
7 PRODUCTION 


MARKET 
CHARACTERISTICS 


Fig.20 Housing model interactions 


Assuming the qualitative model has been 
developed, the next step is the quanti- 
fication of the qualitative relationships. 
In the equations describing the numerical 
terms, the deterministic and/or probabili- 
stic relationships between the elements 
of the model must be developed. During 
this phase, parameters are usually includ- 
ed in the mathematical relationships which 
must be initialized by using the data 
available from the social system being 
modeled. 

The necessity for parameter evaluation 
leads directly to the next step, that of 
the gathering the data necessary to 
evaluate the parameters of the model. One 
of the very large impediments to the use 
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Fig.21 Housing model with possible additonal elements 
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of several models formulated to date 

has been the lack of sufficient data 
concerning the state of the system in the 
past. Consequently, the evaluation of 
some parameters in these models has been 
educated guess work. 

The fourth step, which is closely 
related to the third, is a check of the 
model using known data. For example, if 
we had created a model which was supposed 
to predict population growth in the United 
States, we could, for example, use 
census data for 1900 and 1910 in an 
attempt to predict the population in 1920 


and 1930, Since we have data available 

for each of these years, this procedure 
would serve as a working test of the 
model. Such a procedure is analogous 

to experimental data necessary for the 
validation of physical models in engineer- 
ing and science. This last step is a very 
difficult one in the social areas since 
necessary data are very often lacking, 
incomplete, or unreliable. 

The steps of model development from the 
quantitative phase forward have not been 
attempted by this study group. Several 
types of models which have been completed 
by others include economic base models, 
element oriented models, and policy 
models. 

In this paper, an attempt has been made 
to outline the work which must be done 
to complete the model which has been 
proposed. The qualitative form of this 
model is relatively complex, and consider- 
able simplification may be necessary to 
quantify these interactions. It is felt 
that an appreciation of the difficulties 
involved in modeling a system as complex 
as the housing system can be gained from 
this partial development. 


Potential for implementation 


The planning and evaluation model of the 
housing system is intended to be useful 
for those who have, or could have, a 
responsibility in housing outcomes by 
way of offering the opportunity to: 

1. Provide a scientific method that 
will allow evaluation of the effect- 
iveness of existing public programs 
and, where appropriate, to recommend 
alternative programs. 

2. Permit the determination and anti- 
cipation of opportunities for 
program formulation. 
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3, Encourage timely evaluation and 
corrective action by continuous 
monitoring of changes in the housing 
system, as well as policy changes. 

4, Allow simulation of conceptual pro- 
grams involving private and public 
actions and expenditures. 

5. Provide a management technique to 
monitor the implementation of plans 
and generate progress reports of a 
continuing dynamic process that is 
responsive to unanticipated as well 
as projected changes in the system. 


Potential users 

The decisionmaking mechanism which has 
been proposed is, in a sense, new 
techniques for the housing industry. Thus, 
within the context of the free enterprise 
system, the same requirements we ascribe 
to the implementation of new technology 
apply as follows: | 

1. Its use must be made attractive to 
each of the potential users. It must 
be seen as being in support of his 
own particular objectives within his 
own problem environment; e.g., his 
scheme of things (such schemes will 
undoubtedly vary for each potential 
user; thus, the decision mechanism 
must be flexible), 

2. Alternately, each potential user must 
see a failure to consult the decision 
-making mechanism as potentially 
putting him in an inferior position 
with respect to his present or 
potential competitor. 

It should be emphasized that the user 
is not the operator; e.g., the management 
of the decisionmaking mechanism. That 
function must be performed by an organi- 
zation clearly possessing complete impar- 
tiality to all users. Otherwise, its use, 
understanding, and usefulness will simply 
come to resemble the fractionated charac- 
ter of the existing housing industry. 

In our view, such a housing decision 
making mechanism should service the needs 
of the following classes of potential 
users: 

1. Legislative bodies of all levels, 
such as Congress, state legislatures, 
and city councils which must weigh 
the implications of all alternative 
courses of action relating to the 
formulation of housing policy and 
programs. 

2. Executive departments and agencies 
of all levels such as HUD, DOT, DOD, 


PR 


etc. on a federal level, state admin- 
istrations, and municipal governments 


and agencies which must propose, 
evaluate, and implement housing 
programs and policies. 

3. Consumer and other nonprofit groups 
who wish to evaluate alternates and 
publish their findings prior to 
legislative actions or to critically 
review executive policies. 

4. Participant industries of all types 
and scales such as builders, sub- 
contractors, real-estate developers, 
manufacturers of materials, sub- 
systems, building systems, professi- 
onal planners, and architects who 


wish to determine the nature and 


timing of decisions relating to buying, 


developing, building, expanding, 


branching into related fields, contra- 


ction of operations, identifying new 
markets, opportunities, sites and 
sizes of projects, scheduling and 
time-line planning, sales projection, 
hiring practices, and purchase of 
new plants and equipment. 

5. Labor unions which negotiate new 
contracts determine labor practices 
and establish training programs. 

6. Financial institutions which must 
develop fiscal policies and financial 
practices and determine the effects 
of the economic cycle as related to 
housing. 


7. Nonhousing participants industry which 


wants to determine the nature and 
timing of decisions related to possi- 
ble involvement in housing - whether 
or not to jump in, how, how heavily, 
and at what potentially most advanta- 
geous, yet least risky, point. What 
is the nature of the market? Buy an 


existing firm or develop own? How much 


existing experience and expertise is 
applicable to new industry? What is 
unique about this new industry (e.g., 
marketing) that is unlike our own? 
(Most failures in housing by non- 
shelter types in the past founded on 
the rock of ignorance in these latter 
areas.) 

8. Minority and community action groups 
which wish to determine the implica- 
tions of government and industry 
actions and policies on their organi- 
zational goals and decide what 
directions should be fought or lobbi- 
ed for. 

9. Housing sponsors such as developers, 


communities who must purchase off-the- 
shelf-housing (e.g., modulars even 
today). In this situation, a whole 
new marketing function is involved. 
The sponsor client no longer has 
impartial professional advisors to 
develop his housing program, to 

design his house, to create contract 
documents which hold the builder to 
certain levels of specified quality, 
or to supervise construction and 
installation. The present state of 
industrialized housing leaves the 
buyer with little guarantee or assu- 
rance as to the quality and relia- 
bility of.the product. At present, the 


housing manufacturing industry has 
poor public visability and almost 

no information and marketing system 
similar to that available to most 
other industries. The buyer, and 
especially the final user, lie bare 
and unprotected in the fact of one of 
the most potentially disastrous on- 
slaughts of poor products the nation 
has yet seen. It has no mechanism 
for comparison and evaluation. Our 
mechanism, if it could operate at 
this basic level, would provide a 
service to the consumer. It would 
then be of interest to all other 
participants to serve the consumer. 


Qualitative system design 
The decision-making mechanism as des- 
cribed in the preceding section is intend- 
ed to bring together background informa- 
tion in a systematic scheme necessary for 
the construction of a housing model. This 
task, when carried further, is expected 
to generate a qualitative understanding 
of the operational factors necessary to 
achieve the housing desired by society. 
It might be satisfactory to consider this 
information only in the decisionmaking 
process and to expect constructive steps 
toward the implementation of the objectives. 
On the other hand, a qualitative model 
might not be sufficient, and quantitative 
information is needed. It is questionable 
if it is possible to generate a satisfac- 
tory quantitative model for housing 
regardless of its desirability and impor- 
tance to the decisionmakers. With additio 
nal research the feasibility of a quanti- 
tative model will become much clearer. 
The systematic presentation of the 
entire housing picture, as presented, 
can be manipulated for use on national, 
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state, regional, metropolitan, and local 
levels. The complexity of the model on a 
qualitative basis will depend on the level 
of operation. It is evident that the 
constraints and criteria will be harder 
to define in a functional scheme on the 
national level than on the state level, 
and so on down the line. For example, the 
constraints of construction capability on 
the requirements of labor for housing 
production is not a severeconstraint on 
the level if we assume that labor could be 
provided from other states to satisfy 
both constraints and requirements. 

The potentials for implementation of a 
qualitative model are dependent to a 


great extent on the decisionmakers! 
attitude toward models. The credibility of 
a model of the type descrived here needs 
to be established, especially as far as 
social implications are concerned. However, 
it must be remembered that the approach 
used in constructing the model is logical 
and scientific, although it is hypotheti- 
cally flexible. It is a management-oriented 
scheme, and thus, it will require convict- 
ions as to its validity to achieve success- 
ful implementation. In particular, housing 
must be viewed for what it is: a complex 
system consisting of many interaction sub- 
components. For effective policymaking it 
must be comprehended in its entirety as 
it exists. There are countless examples 
of policies on all levels - national, state, 
local, or of private industry - which 
have attempted to treat or cure only one 
part of the housing system. The ephemeral 
character of the majority of these programs 
and the persistence of a housing problem 
are indicative of the inefficiency and 
deficiency of this approach. These efforts 
have been doomed to less than the antici- 
pated level of success or to outright 
failure because of the so-called secondary 
effects which occurred. As in any complex 
system of interacting parts, a perturbati- 
on of one part causes reactions and 
relaxations in other components which, in 
general, are counterproductive and tend 
to nullify all or part of the benefits 
for which the policy was originally 
intended. 

À generating 
section one to 


system was presented in 
assist in the construction 
of qualitative and quantitative models 

of the housing system. In the widest sense, 
it is a systematic ordering of our thought 
process in attempting to arrive at a 
description of components and interactions 
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of all that is implied by the term 
‘housing.' It should be emphasized that 
this generating system is not to be 
interpreted as static, as fixed, or as the 
final word, but like the thought process 
itself it should be dynamic, evolving and 
refining itself as the thought process is 
evolved and refined through the use of 
the generating system. The important 
thing is not the final set of schematic 
diagrams that is generated but the order- 
ing that the method engenders. 


Quantitative system design 
Ultimately, one would wish to quantify the 
interactions and variables discovered in 
a qualitative system design of the housing 
model. This lessens the possible misinter- 
pretations of the decisionmaking mechanism 
and allows for a scientific evaluation of 
its validity. This last step is important 
and should be emphasized in modeling of 
social systems. À quantitative model allo- 
ws for more specific data collection and 
would help to indicate what data are 
functional for housing decisionmaking. 
Much work remains to formulate a model 
of the housing system, whether a qualita- 
tive or a quantitative model. Much infor- 
mation is needed for the generation of 
each type of model. The group was severely 
limited by a time constraint. It must be 
determined what type of model should be 
developed, the degree of its development, 
the relation of the model to the manage- 
ment institution, and the limitations 
placed on the total decisionmaking 
mechanism, because of the attitudes of the 
potential users. Further effort should be 
directed toward the development of these 
models. However, even without completing 
a model, the study reaped several benefits 
and has identified many areas for study 
and investigation which must be pursued 
before it will be possible to fully 
implement an effective decisionmaking for 
housing. The Starsite report contains more 
complete discussion than is presented 
herein. 


Conclusion 


The faculty fellows were heavily dependent 
upon massive inputs in information present- 
ed by an impressive array of knowledge- 
able housing professionals, and upon 
selectively intensive readings. Insuffi- 


cient time prohibited the indepth study 
required for comprehensive research of 
the complex phenomena entitled 'The 
Housing Problem." 

The conclusions and findings contained 
in this report are based not so firmly on 
exhaustive research as upon the consensus 
of shared experiences and the professional 
backgrounds of twenty faculty fellows. 
However, several facets have been brought 
into focus with sufficient clarity for 
conclusibe presentation. 


Program summation 

It has been found that no currently 
available source exists that clearly 
quantifies or qualifies the extent and 
character of the housing problem. Infor- 
mation scanned was normally fragmented, 


undocumented, opinionated, and often con- 
tradictory. The need exists for timely 
collection and functional distribution 
of documented housing data. 

Satellite surveys designed to provide 
essential housing data coupled with 
efficient information management systems 
(such as suggested in UNISTAR, NASA CR 
61333) offer unusual promise and should 
receive intensive study and pilot program 
implementation. 

Increased coordination of housing 
programs within and between federal agen- 
cies is essential. The multitudes of 
housing programs sponsored by the many 
agencies defy comprehension and effective 
coordination. Few, if any, understand the 
dicisionmaking process in housing or the 
effect of any decision upon other 
housing programs. The need exists to 
create a systems model illustrating an 
effective decisionmaking mechanism for 
housing. 

The suggested model contained within 
STARSITE: TOWARD A DECISION MAKING 


MECHANISM FOR HOUSING, with further 
development and refinement, could quanti- 
fy and qualify housing industry inter- 
relationships. It could, in illustrating 
perturbations within segments of the 
model caused by varying the inputs to 

any segment of the model, suggest alter- 
native programs of increased desirability 
and efficiency. The need exists to conti- 
nue the development of a decisionmaking 
mechanism (a model) for housing. 
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SYMPOSIUM F. 


SYSTEMS ANALYSIS OF SOCIO-CULTURAE 
DYNAMICS 


(Co-ordinator : L. L. Schkade.) 


The rigorous presentation by Professor Miller (University of 
Columbia) and Professor Porat (Stanford University) of their 
refinement of Forrester's "World Dynamics' model provides a solid 
base for the papers read to this Symposium. The two papers which 
follow deal respectively with the Theory of Steady State Societies 
by Professor W.H, Allen of Utah State University and the Systems 
Outlook to Cultural Transformations by Professors Balkus and 
McClure of Florida State University. 

Professor Firestone's paper (Illinois State University) takes 
issue with the shortcomings he sees in much of present-day economic 
analysis, to be remedied by paradigms which would permit the ‘''ready 
determination of the relations of sub-systems to specified systems 
and of the economic system to the large entropic system." 

Two shorter papers which follow deal with more specific aspects, 
viz. Systems Implications of Information Measurement in Individual 
Choice (Professor Schkade, University of Texas) and Relevance of 
General System Theory to Community Mental Health Problems — 
Alcoholism in Particular by Professor Holden of North Carolina 
State University. 

Finally, E.S. and G.S. Maccia of Indiana University propose an 
Information Theory Expansion needed to adjust the basic cybernetic 
model to the requirements for Ecological Systems Analysis. 


À framework for policy design and 
performance evaluation of regional systems 


PROFESSOR R. N. MILLEN and M. U. PORAT 
Columbia University, USA Stanford University, USA 
Introduction 


a framework for policy design and perform- 
The purpose of this paper is to establish ance evaluation of various fundamental 
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national, regional, and global systems. An 
underlying assumption is that such systems 
can in fact be identified; furthermore, we 
posit that a system's performance can be 
evaluated relative to culturally embedded 
standards of ‘'adequacy' or ‘inadequacy', 
i.e. the system's ability to satisfy the 
needs of the population. By extension we 
imply that the aggregate decisions of the 
world's nations, inasmuch as they overtly 
or covertly affect these fundamental life 
support systems, are controlled by policy 
decisions — and that the effect of each 
policy is PRET to direct experimental 
manipulation, In other words, we wish to 
construct an experimental vehicle for for- 
mulating and testing alternative policy 
design strategies with the purpose of 
attaining the maximum specific utiles? for 
the greatest number of people. 

The systems we choose to monitor with 
respect to their success or failure are: 
nutrition; health, housing, information 
(including education), standard of life, 
and the environment. Socio-political and 
economic processes are modelled to the 
extent that they 'flesh out' the systems 
in question and ground them in the behavi- 
oral and social sciences. However, we 
chose to consider ideological systems and 
armed conflict outside the model boundary; 
such considerations can be formulated in 
an advanced model which includes a sector 
on social conflict and political instabi- 
lity. 

We propose to define the structure and 
process of the systems in question and 
their manifold interrelationships in a 


thirteen sector simulation model. They are: 


1. Social innovation, 

2. Capital resource allocation. 

3. Education. 

4. Energy. 

5. Environment and natural resources. 
6. Food and nutrition. 

7. Housing. 

8. Information and communication. 

9. Medicine and health. 

ao Socio-political processes. 

11. Socio-economic processes. 
12. Demographics. 
13. Transportation. 

We also propose to establish performance 
evaluation and policy design by providing 
extensive user interaction and gaming 
capabilities with the model. 

Our immediate antecedent in this genre 
of modelling is the Forrester-Meadows 
effort at MIT under the auspices of the 


Club of Rome. Their work can be critici- 
zed on the pate methodological and 
substantive points: 

1. The models appear to have started 
with a conclusion, e.g. limits to growth, 
and worked backwards to the structure; 
they therefore seem highly tautological, 
aggregating processes and constructing the 
feedback loops in such a manner as to 
force the conclusions. 

2. The models are essentially data- 
independent; once the initial values and 
constants have been assigned, no other 
data is used, Some controlling mechanisms 
in the models are embodied in ‘table func- 
tions' which are sometimes determined in a 
conjectural and arbitrary manner; often 
these tables are constructed without any 
basis in real data. 

3. The models are not sensitive to feed- 
back between the systems' performance and 
the behavioral aspects, such as socio- 
cultural normative changes resulting in 
priority shifts and behavior modification. 
These omissions have seriously prejudiced 
the credibility of such modelling in the 
eyes of the academic community, as exempli- 
fied by the following (economists Peter 
Passell, Marc Roberts and Leonard Ross 
reviewing the model in the April 2, 1972 
New York "Times Book Review! section): 

"It is no coincidence that all the simu- 

lations based on the Meadows world model 

invariably end in collapse. As in any 
simulation, the results depend on the 
information initially fed to the compu- 
ter. And the 'limits' team fixes the 
wheel; no matter how many times you play 
there is only one outcome....While the 
team's world model hypothesize exponent- 
ial growth for industrial and agricultu- 
ral needs, it places arbitrary, non- 
exponential limits on the technical pro- 


gress that might accommodate these 

needs....Forrester derives the assump- 

tions straight from his own intuition.." 

With the above criticism in mind, we 
nonetheless commend the Systems Dynamics 
group at MIT for their contribution, as 
they have managed to focus international 
attention on computer simulations of world 
systems and the necessity for long-range 
anticipation of the results of policy 
strategies, Their work has popularized the 
perspective that the planet is a ‘whole 
system' and that rational planning for 
alternative futures presents a viable 
alternative to short-range fragmented 
decision making. 
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This paper, begun early last year, 
attempts to correct the stated deficiencies 
in the earlier work. The model structure 
is descriptive rather than prescriptive, 
offers a higher degree of resolution, and 
is not motivated by a particular world 
view. By incorporating maximum flexibility 
in the ‘gaming' aspect, we hope to achieve 
a useful and comprehensive research tool 
which can be implemented as a vehicle for 
performance evaluation and policy design. 


Methodology 


Data aggregation 


The model is conceived as an eleven-sector 
continuous systems simulation. The basic 
unit of analysis is the polity — a single 
nation; all the necessary systems statis- 
tics, including initial values, rates, 
constants and parameter settings would be 
gathered and maïintained in disc files by 
country. The level of aggregation which is 
of constant concern is the region; however, 
each region may be conceptualized accord- 
ing to disparate analytical interests such 
as economic, political, geographic, relig- 
ious, or racial.° Each set of flowcharts 
represents one nation, and the model would 
be run by aggregating the statistics from 
up to 136 contiguous sub-models — one per 
nation. À 'region' is defined as compris- 
ing N countries, where 1< W<136 and is 
user-defined. It is useful to examine the 
overlap between regions, and we hope that 
by exercising the model, a more accurate 
definition of these overlapping 'multi- 
strata' regions can be derived. À further 
level of aggregation which may be desired 
is global, and although this level is not 
particularly useful for specific policy 
design purposes, it is extremely instruct- 


ive for over-all systems performance eval- 
uation. 

The construction of a model which opera- 
tes on three levels of aggregation 
(national, regional, global) poses some 
unusual data aggregation problems, as por- 
trayed by the following: POPULATION is a 
simple sum by polity, FOOD PER CAPITA is a 
weighted average based on stratification 
inequality, and PER CENT ADEQUATELY NUTRI- 
ATED is a weighted average completely 
imbedded in cultural standards, Therefore 
each variable in the model must be consi- 
dered with respect to aggregation; to that 
end a set of aggregation rules is to be 
built into the coding. Anytime a region is 
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defined, data aggregation is computed auto- 
matically according to these rules. 

A typical research situation may call 
for analysis of only one country, isolated 
from any regional considerations. While 
this is not a correct interpretation of 
the model's primary use (that being region-t 
al policy design), implied above is the 
suggestion that each country is capable of 
operating as a stand-alone simulation 
model. There is, however, an extant 
methodological problem, since the multiple 
regressions built into the computational 
procedure require a large N to give stable 
results. À provision has therefore been 
made that at least 66 specified countries® 
will always be incorporated in every run; 
if a nation is selected for isolated 
inspection which is outside this basic set, 
it will be added by the software. The cor- 
rect interpretation of the stand-alone use 
is that a region with W = 67 will be inclu- 
ded, but that output reports are offered 
for a region of N = 1, namely, the country 
of interest, 


Data dependency and gathering 


The problem of standardizing definitions 
of seemingly objective data is in fact a 
semantic stumbling-block which professional 
data-gathering agencies such as the UN and 
the ICPR (Inter-University Consortium for 
Political Research) are constantly 
battling.” À ‘doctor! or a "hospital! in 
Mexico is not the same as in Canada, yet 
this qualitative difference is impossible 
to capture in a single number. We are 
therefore limited a prtort by the quality 
of the data available. In certain cases, 
the information required by the model is 
specifically qualitative, such as PER CENT 
ADEQUATELY NUTRIATED; here we can only rely 


on the advice of sociologists and anthro- 
pologists who are experts in the country, 
since that kind of information is not 
found in statistical abstracts. 

These data-collection problems will take 
time to resolve, and we therefore are com- 
pelled, for the present, to present the 
model structure void of data. 

We chose to build a data-dependent model 
and live with its ‘messiness' for an obvi- 
ous reason: the main validation of the 
model rests entirely on its ability to 
replicate real world trends; the causal 
assumptions explicitly built into the 
model are theoretical statements which 
rely upon observed data. Furthermore, a 


mature model requiring a file management 
system would provide a means for continual 
updating as new data becomes available 
from information sources — governmental 
departments, UN agencies, and academic 
institutions. By 'forcing' the creation of 
such an unusually integrative and compre- 
hensive world data bank, a mature model 
would provide a service to the research 
community far exceeding its direct applica- 
tion in the proposed simulation, 


Dynamic multiple regression 


Multiple regressions have been integrated 
into the computation cycle wherever data 
is available to replace 'table functions; 
the tables have been relegated to control- 
ling relationships which are virtually un- 
testable, i.e. based on incomplete inform- 
ation. This expansion of the Systems Dyna- 
mics methodology is based on the following 
bias: static, linear and additive models 
are highly accurate in describing a set of 
causal relationships at time #0, and in 
decomposing the observed variance on the 
dependent variable, Y, into the joint and 
unique contributions of the independent 
variables in the model.? Unfortunately, 
such models have proven to be cumbersome 
and unworkable when applied to analysis of 
dynamic systems with multiple feedback 
loops, e.g. social systems. The little 
amount of work that has been done in feed- 
back modelling has produced some very com- 
plicated formulations for reciprocal caus- 
ation measurements.l0 However, the simplest 
feedback model of the form 
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7, 


has not yet been dealt with in the static 
formulations. On the other hand, systems 
dynamics is handsomely adept at treating 
dynamic causal modelling, especially with 
respect to policy design. The technique 
has not yet caught the attention of social 
scientists, however, and as a result there 
exists an unfortunate deficiency in estab- 
lished methodology for analyzing social 
processes, It is hoped that by using a 
reasoned combination of these two ‘hostile! 
methodologies, the accuracy of the one can 
be combined with the applicability of the 
other. The first set of normal equations 
are computed outside the model using 1960 
data for 136 countries (representing 99% 


of the world's population). The beta coef- 
ficients derived from these multiple linear 
regressions are the starting values used 
inside the MR equations for the depend- 
ent variable. ÀÂs an example: 
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The linear equation represented in MR12A 
operates exactly like an auxiliary vari- 
able in this case. The model runs, and the 
value for IND;, URB; and LIT; change dy- 
namically at each DT while the beta coef- 
ficients are held constant. At the user- 
specified interrupt time, the current 
values for all the systems variables of 
all nations are drawn into a multiple 
regression subroutine which is coded to 
preserve the structure equations. New 
betas are computed based on the dynamically 
changed values of the independent vari- 
ables, and the MR ‘s then receive these 
new values for the coefficients. Computa- 
tion is then resumed with the MP acting as 
an auxiliary variable until the next inter- 
rupt. The old beta values are stored in an 
array for later access, 

It should be noted that the Y's are not 
completely determined by the multiple 
regression since any number of endogenous 
variables (WIBR in the above example) may 
operate as inputs along with the regres- 
sion value based on the independent vari- 
ables; thus, if the multiple regression 
has a multiple R<1.0, the rest of the 
variance can be assigned to the endogenous 
variables so that the dependent variable 
is completely determined at all times. 12 

A problem associated with incomplete 
determination is the quality of the data. 
Poor or unreliable data, plagued by high 
measurement error, is an anathema in cross- 
national collection efforts. The effect of 
introducing poorly measured variables into 
a model is to reduce the correlation 
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between the variables and the determination 
on the dependent variable. 13 

Each nation, then, has a set of "best 
fits' (Least Squares Estimates) imposed 
upon it by deriving the betas from the 
world standard; of course, the values of 
each nation's independent variables can 
vary freely. The interpretation of such a 
procedure is that although each nation 
responds primarily to its internal condi- 
tions and relationships, it is affected by 
gross world trends and pressures reflect- 
ing synergistic behavior. For example, 
although the substantive relationship 
between the birth rate and literacy may be 
different for Catholic and non-Catholic 
nations, the structural relationship is 
not, and they will eventually behave "more 
similarly' since they are systematically 
linked and are affected synergistically. + 
There is no reason to believe that the 
structural relationships should change 
drastically over time, although the values 
X1...n for all countries are expected to 
vary widely. 

Following the above procedure, an 
extremely useful set of information can be 
derived from the model: by recording the 
movements of the beta weights at each 
interrupt, a plot can be made over time 
which is representative of the relative 
waxing and waning of influence of certain 
independent variables, so that a social 
force which seems very powerful today 
(such as birth rate) may tend to diminish 
in time as a result of other systems! 
growths (industrialization and urbaniza- 
tion) whereas relatively unnoticed vari- 
ables (innovativeness) may grow in influ- 
ence relative to other variables, This 
information is clearly important in consi- 
dering long-range policy formulations. 

An interesting modification of the above 
procedure would be to compute separate 
structural equations and beta-weights for 
two or more sub-populations that define a 
‘'region'. For example, a trichotomy may be 
made separating post-industrial, industrial 
and developing nations into three regions. 
Three distinct sets of normal equations 
will therefore be derived, one per region. 
This procedure would allow the user to 
define regions with the express purpose of 
reducing the standard error of the Least 
Squares Estimate. 

A dependent variable, Y, in one sector 
may quite easily appear as an À; in another 
sector at a later stage of computation. It 
remains an open research topic as to how 
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seriously the information loss incurred by 
entropyl® would affect the accuracy of the 
results; would the errors compound over 
time beyond acceptable levels, or would 
they tend to cancel each other out? Another 
interesting topic would be to compare the 
results obtained from a table function, 
i.e. an a priort static relationship, with 
the floating beta method; a prediction is 
offered that a highly validated model will 
show only moderate fluctuations between 
the two methods. 

Problems endemic to linear regression, 
e.g. handling curvilinear relationships, 
are implicitly dealt with by considering 
each interrupt, and the resulting ‘new! 
equation, as a series of piece-wise 
regressions. The amount of resolution lost 
by assuming linearity can then be minimized 
by increasing the frequency of the inter- 
rupts. Therefore, any advantage that the 
TABLE function in the Forrester work may 
have held in establishing non-linear rela- 
tionships is effectively met and improved 
upon by resorting to the technique of 
dynamic multiple regression. 

Lastly, a regression package built into 
the software would increase the run time 
of the model negligibly, and would offer a 
variety of statistics that could be manipu- 
lated external to the model. 


The macro-micro continuum 


A methodological issue central to every 
model building effort is determining the 
level of homomorphism. This model deals 
with aggregating national behaviors, as 
affected by national policy decisions, 
into regional or global systems. As such, 
the model is designed to be useful to the 
decision-maker on the national level — the 
government official, the corporate chief, 
the academician, the consulting agency. 
Therefore the model must be built inside 
that elusive range within the macro-micro 
continuum such that the following extreme 
errors are averted: 

1. Confounding the user with a plethora 
of uninteresting and confusing detail, 
hence alienating his conceptual grasp 
of the workings of the model in gener- 
al and jeopardizing his trust in the 
model results, The most common res- 
ponse to such an 'overload' condition 
is to simply shun using the model. 

2. Presenting an oversimplified model 
which does not accurately capture the 
level of detail at which the decision- 


maker is not only accustomed to 
operating, but must have in order to 
perform successfully. Again the most 
common response is to distrust the 
model's validity and avoid its use. 

The model structure as presented in the 
section headed ‘The Model', which follows 
later, is a suggested solution to the 
dilemma; as the reader confronts our ass- 
umptions, it would be useful to keep in 
mind the pitfalls outlined above. 

A more far-reaching solution to the 
dilemma which appears promising is to 
design a modular capability for the model. 
One readily recognizes that a health sys- 
tems expert would require a level of com- 
plexity in that particular sector many 
times greater than a housing expert. It is 
conceivable that neither would be especial- 
ly well served by being confronted with 
the mass of causal modelling substantively 
remote from their expertise. Therefore we 
propose that each sector presented here as 
a ‘reduced form' be configured in such a 
manner as to allow an "extended form! 
model to be attached to it.l6 Such a micro- 
module would elaborate either a particular 
sub-sector or the entire sector into a 
model including many times the resolution 
of the "reduced form'. In a model of such 
complexity, many variables that appear to 
be missing (intuitively) were in fact omit- 
ted from the model to retaïn clarity. The 
defense for such a procedure is presented 
by and summarized as follows: two models 
that are presented in an extended form 
(tending to isomorphism) or a reduced form 
(higher degree of homomorphic transforma- 
tion) will still explain approximately the 
same amount of variance in the dependent 
variable under the following cases: 

a) The 'missing' independent variable is 
highly correlated with the other 
independent variables; in this case, 
omitting the variable aïds in avoid- 
ing the stability problems incurred 
in multicollinearity. 

b) The 'missing' independent variable 
shows a lower, but present, correla- 
tion with the dependent variable. 

c) The 'missing' variable is theoretical- 
ly related to the model. 

When the above conditions are met, the 
additional variance that may be explained 
by introducing the 'missing' variable is 
fully absorbed by the remaining variables 
in the reduced form model. The degree of 
homomorphic transformation is then not a 
statistical problem, but a conceptual one: 


at what point does complexity become a 
hindrance, and at what point does elegance 
betray completeness? The problem appears 
solvable by providing the capability to 
attach micro-module ‘extended form' models 
on to the normal ‘reduced form' models 
presented in this paper. Implied in the 
increased resolution is the ability to 
formulate much more specific, short-run 
policy decisions affecting imminent or 
urgent national and regional problems. The 
elaboration would not necessarily produce 
different output (and should not if both 
the "reduced form' and its ‘extended form! 
counterpart were configured similarly), 
but by manipulating smaller policy deci- 
sions than allowed in the reduced form 
model; vague macro-strategy policy state- 
ments (e.g. increase the literacy to 99% 
in country À by 1990) can be gamed by 
alternative micro-strategies. In this man- 
ner, not only is the over-all applicability 
of the model broadened, but a specialist 
can usefully provide his expertise without 
drifting into the trap of trained incapa- 
city to recognize ramifications of general 
trends. Likewise, a generalist can use the 
model without the stigma of being unground- 
ed in recognized disciplines, In this man- 
ner the model serves in an integrative 
function, drawing together the disciplines 
rather than hardening the lines between 
them. l7 


Gaming the model 


The simulation model is envisioned as being 
used continually and repeatedly by a vari- 
ety of 'clients'; therefore the user inter- 
face with the model must be straightforward 
and clear as possible. The main function 
of the model — policy design and perform- 
ance evaluation — is actually broken down 
into three iterative activities: 

1. À systems goal or set of sub-goals is 
established; a scenario is designed 
to obtain these goals; the simulation 
experiments are designed based on the 
scenarios. The set points for such 
experiments are the systems para- 
meters. 

2. The user inspects the listing of para- 
meters and their initial value; the 
scenario designed in step 1 is trans- 
lated into policy statements and 
actions by over-riding those para- 
meter settings deemed important and 
assigning them new values; no over- 
ride allows the simulation to proceed 
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using the default options (i.e. the 
initial values), which is in fact a 
statement of ‘no policy change". 

3. The simulation proceeds for a certain 
(user-specified) length of time, and 
is then interrupted. The required out- 
put plots and statistics are genera- 
ted, aïilowing the user to study the 
system performance with respect to 
the goals and sub-goals. Following 
analysis of the system behavior, a 
new scenario, or set of interrelated 
policies, can then be devised and 
translated into new parameter set- 
tings. This process is repeated until 
the simulation period ends. 

The process of analysis can be leisurely 
since the user can store the complete sys- 
tem status on disc prior to completion of 
the run and call it back at a later time 
after output analysis has been completed. 
By using the software in this fashion, we 
maximize user involvement and model utili- 
zation by allowing other users to run their 
models while mid-run analysis of earlier 
runs is in process. 

Maybe the clearest example is to envision 
a "game' treating only the Capital Invest- 
ment sector. The user can adjust the para- 
meters in much the same way as a budget is 
drawn up with certain systems performance 
goals in mind; the model is run, with an 
interrupt period provided every year. Fol- 
lowing a ‘yearly' analysis, and responding 
subjectively to the system behavior, the 
user gains knowledge concerning the more 
subtle, or counter-intuitive cross-impacts,. 
With repeated runs, the user can more 
quickly and efficiently converge on the 
desired goals. 

The example suggests that by allowing 
user interaction, many of the problems 
inherent in choosing between optimizing, !8 
'satisficing',l° and goal programming, 
models are side-stepped by allowing human 
interaction to determine the complex allo- 
cation algorithms and utility functions. 
The process of selecting 'feasonable' poli- 
cies (reasonable policies, all things 
being considered, selected from the set of 
feasible policies) to try to raise system 
performance above bare maximum levels is 
hereby dubbed ‘'acceptimizing'. It also 
allows emotional and political responses 
that a fully algorithmic model does not. 

Since parameters play such a central 
role in the gaming properties of the model, 
a detailed explanation of their use is 
offered. Each implies a different policy 
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control in a qualitative sense; although 
the mathematical usage of each is identi- 
cal: 

Conversion of units. In translating one 
commodity into another (e.g. dollars-to- 
communication hardware units), a conversion 
parameter expresses the relationship; con- 
siderations such as loss factor are impli- 
citly included. 

Flow control. The classical use of a 
parameter as fixed valve settings appor- 
tioning a flow of information, materials, 
people, dollars, etc., according to some 
set decision. Often these parameters add 
to unity, as in the case of capital invest- 
ment ratios or capital disbursement into 
the different modes of energy production. 

Base values, Initializing the systems 
variables is accomplished by using these 
parameters; as new information becomes 
available, these base figures are subject 
to change. This type of parameter also 
allows 'sensitivity analysis' by allowing 
a run where a particularly crucial para- 
meter can be increased or decreased, ten- 
fold, one hundredfold, or one thousandfold 
to see the effect on the system. 

State of the art. This category of para- 
meters is a sub-category of the previous 
three types where the controlled variable 
is a "technology' subject to quantum 
increases in productivity or efficiency, 
such as energy conversion or food-growing. 
The increasingly popular (and undisci- 
plined) field of sociological and techno- 
logical forecasting is expressed through 
manipulation of this type of parameter. 

Bare maximum.2l À ‘desired value' for 
health care, food, housing, education and 
material standard of life is an intensely 
subjective and culture-imbedded judgment, 
and it is this fact that has stymied all 
attempts at formulating acceptable 
‘quality-of-life' indices; however, sys- 
tems performance is meaningless unless 
measured against such a measure. By intro- 
ducing bare maximum as a parameter setting, 
we allow direct experimental manipulation 
by anthropologists and sociologists who 
are intimately connected with a culture; 
obviously such figures are not to be 
pulled out of statistical tables, 

International flows. Although the model 
structure and process is isomophic for 
each country, a regional aggregation by 
simple summation is clearly inadequate; 
conversely, a full economic input/output 
model of the world is objectionably 
cumbersome and not very useful within the 
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context of the model's purpose, We there- 
fore provide a per-country import-export 
parameter for the following useful vari- 
ables: food (protein and calories), mater- 
ial goods (consumer goods and light indus- 
try in general), natural resources (as 

they replenish or deplete the natural 
resource stockpile), population (imigrés 
and emigrés), and information (internation- 
al communication). 

Policy. À decision to cut the value of 
POMIABhAalE Por to triple 'j' or to com- 
pletely eliminate the flow of 'Z' is seen 
as a policy; a classical example is the 
control parameter on pollution flows 
generated by industry, energy production, 
urbanization, and agriculture. 

A great deal of émphasis is placed upon 
the clear and cogent understanding of the 
model by the user, and since we are not in 
a position to assess the user's expertise 
or ‘pre-requisite fulfilment', we propose 
to provide a ‘conversational' input format. 
The following section includes the manner 
in which the user interacts with the sys- 
tem to define the various tasks to be per- 
formed by the model, and the exact nature 
of the reports to be generated. 


Software 


In this section a description is presented 
of the specifications for the software 
system necessary to implement the model 
described in the section headed "The model! 
(following later) and experiment with it 
using the methodology described in the 
previous section. 

The model would be operated in an inter- 
active, multi-tasking mode, and most 
desirably in a parallel-processor or 
multiple-variable-task environment. 


Conversational input procedure 


Since a dedicated computer is envisioned, 
the user need only type RUN on a terminal 
keyboard to activate the system. Activation 
produces the following query sequence 
(messages in CAPITALS are system produced): 


ENTER THE COUNTRY NUMBERS TO BE INCLUDED IN 
THE SIMULATION? 
the user then types in the country num- 
bers obtained from a list displayed on 
the CRT. 
example: 1,3,4,5 to 18, 34 to 55, 112, 


1174, 116, 118 to 140. 


HOW MANY REGIONAL AGGREGATIONS ARE DESIRED? 
a "O' produces a skipping over the next 
4 queries; otherwise the following 
sequence is presented. 

example: 3 


SPECIFY THE DESIRED REGIONS BY COUNTRY 
NUMBER? 
the user now enters the list — with the 
last region specified as the grand aggre- 
gate in this case. 


example: REGION 1? 1,3,4,5 to 18 
7 REGION 2? 34 to 55, 112, 114, 
116, 118 to 140 
REGION 3? all 


HOW MANY IMPLICIT REGIONS DO YOU WISH TO 

CONSTRUCT ? 
An implicit region is one constructed by 
defining a list of attributes provided 
on the CRT. These attributes are inde- 
pendent of the simulation model, i.e. 
countries were categorized by 1970 attri- 
butes, and these categories do not change 
during the run. 

example: 2 


DEFINE THE IMPLICIT REGION FROM THE ATTRI- 
BUTE LIST:22 
ATTRIBUTE LIST 


1 POST INDUSTRIAL 

2 HIGHLY INDUSTRIAL 

3 SERVICE ECONOMY 

4 AGRICULTURAL ECONOMY 

10 RACIALLY HOMOGENEOUS 

11 TWO OR MORE MAJOR RACIAL GROUPS 
12 LANDLOCKED 


The software will select these countries 
whose attributes match the chosen subset. 
example: IMPLICIT 1? 1, 11, 12 
IMPLICIT 27 2, 10 


HOW MANY EXPLICIT REGIONS DO YOU WISH TO 

DEFINE? 
An explicit region is one defined pre- 
cisely by the user at the beginning of 
the run. The actual values of the sys- 
tems variables are tested in order to 
define the desired subset. Since these 
values are changing dynamically, 
countries may enter and leave the subset 
from one interrupt to the next. Such in- 
formation will be automatically reported 
by the system. 

example: 1 
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DEFINE THE EXPLICIT REGION(S): 
Here the user provides inequality state- 
ments to form the desired categories, or 
‘'cut-points'. 


example: EXPLICIT 1? gnpcap > 2000 
(AE « > 250 
ed < 4 


urb ARE à 
The software selects a country for inclu- 
sion in EXPLICIT 1 if: GNP per capita is 
over $2000, literacy > 50%, average edu- 
cation level < 4 years and urbanization 
> 405%. 


SPECIFY THE RUN LENGTH? 
User replies in years or months 
example: 25 years or 300 months 


SPECIFY THE DELTA TIME (THE COMPUTATIONAL 

INTERVAL) ? 
The shorter the time specified, the more 
accuracy will be provided and the longer 
a run will be. 

example: 6 months or 1 year 


SPECIFY THE INTERRUPT INTERVAL? 
The user replies as above. Since the mul- 
tiple regressions and output data files 
are updated at the interrupt time, it 
must be an integral multiple of the delta 
time. 


example: 


IS GAMING TO BE DONE DURING THE RUN? 
If the user replies 'no', the next three 
queries are skipped. 

example: yes 


2 years 


SPECIFY THE GAMING INTERRUPT INTERVAL? 
This interval must be an integral of the 
interrupt interval; at the gaming inter- 

…rupt, the user is free to change the 
systems' parameters. 


example: 4 years 


ARE MICRO-MODELS OR MODULES TO BE ADDED TO 

ANY SECTOR(S) ? 
Modules are described in the Methodology 
section; if the user replies ‘'no' the 
next query is skipped. 

example: yes 


ENTER THE NUMBER(S) OF THE SECTOR(S) TO BE 
APPENDED, AND THE INPUT MEDIUM? 
The user supplies the sector codes, Since 
micro-modules represent an advanced use 
of the model, it is assumed that all the 
coding would be de-bugged and checked 
out off-line. The new code will be 


entered by a high speed input medium of 
the user's choice. 

example: 4, 6, mag tape 
The additional code for sectors 4 and 6 
would be read in, the patch performed, 
and compiler diagnostics performed. If 
the patch is successful, the expanded 
system will then run normally as part of 
the model, including any new variables 
and parameters. 


DO YOU WISH AN OUTPUT OF THE PARAMETER 
VALUES AT EACH GAMING INTERRUPT? 
If the user answers 'yes', the following 
sequence is presented. 
example: yes 


SELECT THE DESIRED OPTION: 

1 PARAMETERS ARRANGED BY SECTOR 

2 PARAMETERS ARRANGED BY USAGE TYPE 

3 ONLY SELECTED PARAMETERS TO BE DISPLAYED 
Options 1 and 2 will result in a complete 
output of the parameter values saved from 
each interrupt. Option 3 allows the user 
to suppress the parameter list except for 
those specifically desired for manipula- 
tion. 

example: WHICH? 1,2 

SPECIFY THE PARAMETER LIST? 
This question is presented only when 
Option 3 above is selected. The user 
supplies a list of all the parameters of 
interest. 

érable letri er 1-6 10 :1*117/3%572525; 

4-5 to 4-18, 6-all, 10-al1. 


SPECIFY THE DESIRED COMPUTING OPTION: 
1 PARAMETERS SET INDEPENDENTLY FOR EACH 
COUNTRY 
2 ONE VALUE IS SELECTED AS A MULTIPLIER 
ON THE SELECTED PARAMETER(S) IN ALL THE 
COUNTRIES 
By choosing option 1, the user will con- 
sider each country separately — this 
represents an advanced use of the model. 
By selecting option 2, the user is con- 
tent to game macro-policy decisions 
without looking at each country's parti- 
cular situation. 
example: WHICH? 1 


ARE ANY SOCIAL/TECHNOLOGICAL FORECASTS TO 
BE DEVELOPED BY THE SYSTEM?2° 
Five levels of projections are offered 
as options, each representing a differ- 
ent view of future developments. The 
‘canned' scenarios represent five alter- 
native futures, probably developed by a 
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Delphi or similar technique. This option 
is provided for 'playing' the model as 
opposed to ‘gaming! it. 

example: yes 


ENTER THE DESIRED SCENARIO LEVEL: 

1 SURPRISE FREE: (selected state-of-the- 
art parameters are pro- 
grammed to automatically 
increase according to a 
conservative outlook) 

2 VERY LOW SURPRISE (selected parameters 
are programmed to 
increase faster than 
in option 1) 

(faster increase than in 

option 2, plus some random 

step increases in s-o-a 

parameters) 

(faster increase than in 

option 3, and more random step 

increases) 

5 HIGH SURPRISE (faster increase than in 
option 4, plus many 
random step increases) 

WHICH? 5 


3 LOW SURPRISE 


4 SURPRISE 


example: 


LIST THE COUNTRIES FOR WHICH OUTPUT IS 

DESIRED? 
The following set will be a subset of 
the countries declared as being in the 
simulation run. The output will be 
presented in a country-by-country report 
for detailed analysis purposes. 

example: all 


LIST THE REGIONS FOR WHICH OUTPUT IS 
DESIRED? 
This list corresponds to the regions 
defined earlier, including the implicit 
and explicit regions. 
example: region 1, region 2, implicit 1, 
explicit 1 


LIST THE VARIABLES FOR WHICH OUTPUT IS 
DESIRED AS FOLLOWS: 
COUNTRY NUMBER, VARIABLE NAME, 
STATISTICS, OUTPUT OPTIONS 
STATISTICS: 
MEAN 
STANDARD DEVIATION 
VARIANCE 
MAXIMUM 
MINIMUM 
SKEWNESS 


NO U1 5 WW D 
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OUTPUT OPTIONS: 


101 PLOT TIME SERIES CPRINTER=A: CRT=B) 
102 TABULAR PRINT 3 ù 
103 TABULAR CARD PUNCH 

104 HISTOGRAM WITH FREQUENCY COUNT 

105 (UPPER LIMIT 1ST CLASS, 


à CLASS WIDTH: 
, CLASSES) 
The desired statistics will be presented 
in the output form requested for those 
countries and regions previously speci- 
fied, The various punch and print options 
allow the user to perform statistical 
tests outside the model. 

example: ? 002, population, 1, 2, 101(A) 
The user has specified output for country 
002, for the variable population; the 
mean, standard deviation, and plot on the 
printer. À reasonable limitation on the 
number of plotted variables can be set 
at < 10/plot 


NUMBER OF 


DO YOU WANT OUTPUT ON THE REGRESSION 

EQUATION COEFFICIENTS? 
All the beta weights are stored in an 
array, and may be accessed by answering 
‘yes' to this question. 

example: yes 


LIST THE MULTIPLE REGRESSION NUMBER, 


STATISTICS, AND OUTPUT OPTIONS: 

STATISTICS: 

1 MEANS OF VARIABLES IN THE EQUATION 

2 STANDARD DEVIATION OF VARIABLES IN 
THE EQUATION 

30 MULTIPLE R 

40 R SQUARED 

50 STANDARD ERROR OF ESTIMATE 

60 SUM OF SQUARES 

70 MEAN SQUARE 

80 F-TEST OF SIGNIFICANCE (LEVEL) 

90 REGENERATION OF DEPENDENT VARIABLE 

100 . 

110 - 


OUTPUT OPTIONS: 


101 PLOT TIME SERIES BETA WAVES 
(PRINTER=A: CRT=B) 

102 TABULAR PRINT COEFFICIENTS 
(PRINTER=A: CRT=B) 

103 TABULAR PUNCH 

201 REGENERATION OF DEPENDENT VARIABLES 

202 £ 

203 


The beta weights would be plotted against 
time when Option 101 is taken; the resul- 
ting time series are called beta-waves 
and reflect structural shifts over time. 
In the following example, MR9A would be 


plotted, the variable means would be 
listed, R-squared and an F test at .02 
significance level would be listed. 

. example: ? MR9A/101, 1/102, 40/102, 
80(.02)/102 


Computational sequence 


Once the user has answered all the appli- 
cable queries the final query C@MMAND? is 
bo-ede if execution is desired, the user 


START 


SET DT, ti,tg, 
tL.C,R,PARS 


j=1 


SIMULATE 
COUNTRY; 


INTERRUPT 


PERFORM 
MULT IPLE 
REGRESSIONS 


ne 
(8) AGGREGATE 
(4b) | REGIONK k=k+] 
DATA 


OUTPUT 


enters 'EXECUTE' which initiates the 
computational sequence. Fig.1l illustrates 
the computational sequence. The numbers on 
the diagram correspond to the numbered 
steps in the following description of the 
sequence. 

The running of the model proceeds in the 

following manner: 

1. The Country 1 system model is rolled- 
in and run, with the simulation pro- 
ceeding in steps of one delta time 
increment from £, until £.. 

2.-At the time. of: the:interrupt, &;, the 
model is rolled-out, the data stored 
on disc, and the next country system 
model is rolled-in. 

3. Step 2 is repeated until all countries 
listed in the input have been simula- 
ted to the interrupt time. 

4. (a) The multiple regressions are per- 
formed. (b) The country data is then 
aggregated using the aggregation rules 
into regional data aggregations for 
each region listed in the input. 

(c) The regional aggregations are 
stored on disc. 

5, Steps 1 through 4 are repeated until 
a gaming interrupt is reached at 
times ZE 


Fig.1 Computational sequence 


DU t-tg9 > (5) 


CHANGE 
PARAMETERS 
FOR "GAMING" 


or 


6. At gaming interrupt times, #g, the 
user can exercise the ‘what if! option 
by changing any of the (seven types 
of) parameters to simulate and examine 
the effects of changes in bare maximum 
levels, inter-country flows, states- 


of-the-art, etc. All parameters not 
explicitly changed retain their €; 
values. 

7. Steps 1 through 6 are repeated until 
the simulation run data for all 
countries and regions are on disc for 
the desired length of the simulation 
run, Êpe 

8. The output is generated, The flexibi- 
lity provided by the system to the 
user in structuring the data output 
format allows the generation of a wide 
variety of reports. These provide 
maximum information content for sys- 
tems performance evaluation. 

The graphical (plotted time series) out- 
put, which can be requested on the high- 
speed line printer, the CRT, or both, 
allows the user to analyze trends, inter- 
actions, and the like; i.e. behavioral 
analysis. In the case of the beta coeffici- 
ents, the graphical output ('beta waves!) 
allows the user to study the structural 
shifts which have occurred in the system 
during the course of the study, 

The tabular (listed) output provides 
detailed quantitative information to 
supplement the graphical output. The tabu- 
lar data is the basis for any statistical 
tests the user may wish performed after 
the run has terminated. It also provides 
more specific information than the graphi- 
cal output, which is scaled. 


File structure 


The output data are stored by country and 
region as arrays in the disc file and pro- 
vide the basis for the previously mention- 
ed output reports describing country and 
regional behavior over the simulation 
period. : 

The dimensions for this type are 
(WXMXI) or (nXMXI), where NW is the num- 
ber of regions, nr the number of countries, 
M the number of variables of interest, and 
I the number of interrupts in the run. 

Schematically, the files have the follow- 
ing structure: 


Country files — step (2) in Fig.l 
Regional files — step (4c) in Fig.l 
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Fig.3 


The beta coefficients of the multiple 
regressions are also stored as arrays in 
the disc file and provide the data for 
generating output reports on dynamic 
structural shifts in the system. The time 


series plots of the beta coefficients for 
a given regression equation form ‘beta 
waves! and enable the user to quickly cap- 
ture the essence of these structural shifts 
in the system. 

The dimensions for this array type are 
where E is the number of multiple regres- 
sion equations, b the number of beta coef- 
ficients, and ZI the number of interrupts 
in the run. 

Schematically, the file has the following 
structure: | 


MRiti2] ti2] [er] 


cine 


Fig.4 


Conversational gaming procedure 


At each gaming interrupt the user may 
change the value of any parameter by 
. answering the following queries: 


ARE ANY PARAMETER VALUE CHANGES DESIRED? 


If the user answers 'yes', the list of 
parameters and new values are entered in 
the same manner as previously described in 
the Conversational Input section. The user 
responds, and the simulation proceeds. 


Languages and software?4 


While the model is represented using a 
symbology based on that of Systems Dynamics 
the use of the current version of DYNAMQ II 
as the system language is unsuitable for a 
number of reasons: 

1. The model requires that a number of 
multiple regressions be performed, 
While it is conceivable that a user- 
defiried multiple regression MACRO 
could be defined and used within a 
DYNAM® II program, the facility for 
interrupts does not exist. 

2. Several model variables are subscrip- 
ted, i.e. members of subsets within 
major variable sets. DYNAMŸ II does 
not permit arrays of subscripted vari- 
ables, 

3. Increases to plant capacities within 
the model (e.g. pollution control 
equipment or new energy production 
plant) should be added to the existing 
capacity in their entireties at some 
single point in time; this requires 
the use of a discrete delay. DYNAMO II 
offers no -order, i.e. discrete, 
delay. 

4, DYNAMŸ II does not allow the output 
data sets of different runs to be 
aggregated into a summary file. 

5. The system requires extensive user 
interaction, such as changing para- 
meter values, a facility not available 
in DYNAMO II. Thus while the simula- 
tion is dynamic, the model structure 
remains static over time. This appears 
counter to the nature and, therefore, 
proper simulation of social systems. 

Other systems simulation packages avail- 
able to the authors?° were CSMP/360, 
GPSS/360, and SIMSCRIPT 2.0. 

CSMP/360, another continuous systems 
simulation package, was rejected primarily 
because of its engineering systems 
analogue-model orientation, While such 
desirable features as FORTRAN compatibility 


and subscripting (arrays) exist, the basic 
nature of the language makes it unsuitable 
for use in encoding this model. 

GPSS/360 is a discrete systems simulator 
of the next-even logic type. Desirable 
features include the ability to identify 
and reference transactions as members of a 
GROUP and to assign as many as 100 para- 
meters to each transaction (these would 
serve the same function as subscripted 
variables). The language's overriding limi- 
tations are its inability to handle multi- 
ple regressions, data manipulations and 
program interrupts. 

SIMSCRIPT 2.0 is a FORTRAN-like discrete 
systems simulator. The entities can be 
subscripted, arrayed and can have attri- 
butes associated with them. SIMSCRIPT also 
allows the formation of sets linking groups 
of entities possessing a common property. 
The model is run by controlling the pro- 
cesses of file manipulation and management 
of sets (of entities), By defining 'vari- 
ables' and ‘expressions! a multiple 
regression routine could be encoded into 
the model. Because of the queueing model 
orientation of the language and some short- 
coming such as no interrupt capability, it 
was felt that SIMSCRIPT was also not suit- 
able for encoding the system. 

While several user- and procedure- 
oriented languages, such as FORTRAN, PL/I, 
ALGOL, etc. were available, it was felt 
that a wiser long-range approach would be 
to either extend one of the existing sys- 
tems simulation packages or to create and 
write a new one for the following reasons: 

1. The use of a source language to write 

a systems simulation package is pro- 
hibitively difficult and inefficient; 
clock routines, report generators, 
random number generators, etc. exist 
in the several packages described 
above. The task of adding multiple 
regression, interrupt, etc. capabili- 
ties to an existing package would be 
far simpler than creating a complete 
new interactive system of the scope 
and complexity required by the model. 

2. By extending one of the existing sys- 

tems simulation packages the model 
could be encoded in a language already 
familiar to those engaged in systems 
analysis/simulation, e.g. DYNAMD. 
While the model could be encoded in 
PL/I at the present time, all those 
requirements grouped under 'system!' 
above would have to be encoded as 

part of the model. The compilation of 
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system features with the model for 
each run is unnecessarily inefficient. 

Of the systems simulation packages avail- 
able, DYNAMQ appears to be the one most 
suitable for extending into an interactive 
system of the type required by the model, 
The continuous world-view, ease of convert- 
ing from flow chart to computer code (basi- 
cally one line of code for each flow chart 
symbol), and non-engineering format make 
it ideal for the social scientist to learn 
and use. The language, however, has not 
been significantly developed beyond the 
original (1960)26 version designed to aid 
in the analysis of industrial systems. 

As a policy-oriented language it is easy 
for the social scientist to understand and 
use; it only remains for that system to be 
extended to include the scope and complexi- 
ty required to game interactive social 
models. 

A much-advanced and extended version of 
the DYNAM® system could be worked into a 
system hereby dubbed !"MPSS — Modelling 
Package for the Social Sciences'. It would 
have a continuous ‘world view', provide 
for subscripted variables, parameterization 
of transactions, array structures, both a 
Delta Time and interrupt intervals for out- 
put generation, interactive gaming with 
user-defined interrupts, discrete and 
ordered delays, dynamic model structure 
through multiple regression, execution 
time data input, standard and user-defined 
macros, standard and user-defined report 
generators, table functions, standard 
input test functions such as: SINE, PULSE, 
RAMP, STEP, etc., multiple random number 
generators, etc. In short, it will combine 
the best features of the languages and 
modelling packages discussed above, The 
model equations would be coded using 
DYNAMG-l1ike statements. 


Hardware system 
The hardware configuration necessary to 
implement and support the MPSS would have 
the following characteristics: 
A. The computer 
— multiprocessing capabilities 
variable core allocation 
large high-speed core (with moni- 
tor, system/compiler resident) 
large extended (low-speed) core 
(e.g. IBM mod 65 or bigger) 
B. The files — disc 
tape 
C. Input/output — terminal (CRT) w/paper 
tape read/punch 
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high-speed printer 
high-speed plotter 


Summary 


The software is to be designed to allow 
ease of use by providing: 

a) An interactive input mode which allows 
a non-computer-oriented user (e.g. a 
social scientist) to describe the 
structure, specifications, options 
desired, etc., with minimum effort. 

b) À choice of two interrupt periods 
(based on the delta-time simulation 
increment); one for output generation , 
and the other for gaming, i.e. user 
interaction during the course of the 
run, 

c) Maximum flexibility in the design of 
output format(s); the report generator 
will provide information in any or all 
of the standard forms and will provide 
for specification of unusual report 
formats. 


The model 


Introduction 


A complete discussion of the assumptions 
and theories built into the model would 
fill a dozen volumes; although such a task 
is outside the scope of this paper, a 
verbal narrative of the model can nonethe- 
less be useful to those less experienced 
at reading Systems Dynamics type flow 
charts. It is strongly suggested that the 
reader follow the verbal explanation with 
the appropriate flow-chart at hand, Fig.s5 
is a macroscopic flow chart showing the 
relationships and major flows between the 
individual sectors of the model. 


CAVEAT #1 

The authors wish to emphasize that the 
model is presented in its April 1, 1972 
stage of development. The reader should be 
advised that a ‘final' model is not seen 
as a realistic goal, and that modifica- 
tions are continuing almost daily; minor 
discrepancies may, therefore, appear 
between the flow-charts and the text. 


CAVEAT #2 

The following two sectors were omitted 
from this working paper due to lack of 
time for adequate formal preparation: 
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Sector 11: Socio-economic processes — the 
macro-economic mechanisms that most 
directly affect the subsystems being stud- 
led ie: g. 

a) Labor force. 

b) Cost-of-living. 

c) Industrial, service, and agricultural 

sub-sectors. 

d) Market forces, 

e) Stratification inequalities. 

It should be noted that economic vari- 
ables appear frequently throughout the 
model, most notably in the CAPITAL RESOURCE 
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Fig.5 Macroscopic flow chart 


ALLOCATION and the SOCIO-POLITICAL sectors 
(through industrialization, GNP, personal 
income, and governmental spending); how- 
ever, it is desirable to integrate all 
economic aspects into a formal sectoral 
presentation. 


Sector 13: Transportation — the land, air, 

and water transportation systems; especial- 
ly as they affect urbanization, moderniza- 

tion, industrialization, national integra- 

tion, and the environment. 


ett 


Flowchart notations 


As discussed in the section on Software, LE : 

the flow-charts are presented using an A ÿ 

extended systems Dynamics notation. The fax È 

following set is standard and will be dis- 

cussed only briefly. (After each Symbol 4 

there follows an Explanation.) - ne . L 
LEVEL TABLE FUNCTIONS are auxiliary variables 


expressing the relationship between a 
dependent and an independent variable. 
Tables are usually used when there is in- 
complete information about the relation- 
ship between the variables. , / 


A LEVEL portrays an accumulation caused by 
the difference between an input rate and 
an output rate. It is formulated as a dif- 


ference equation of the form: quantity now LEA 
= qty. earlier + (elapsed time“rate of D 
change) 


PARAMETERS are fixed values assigned by 
the user and represent one of the seven 
types of policy statements. 


LEVEL 
DELAY |OUTPUT| DEL. 
LENGTH| RATE |ORDER 


A THIRD-ORDER DELAY FUNCTION contains a 
level, an output rate, a delay period, and 
a delay order. 


RATE 


DE > 24e 


A RATE determines the rate of flow within 

the model, Rate equations are the decision 
functions, and may be considered as poli- 

res, 


FLOWS 

AUXILIARY VARIABLES are used to simplify 

the formulations within the model, Flows indicate the medium in which the 
dynamic behavior is being reflected. 


—— MATERITAL 


————— INFORMATION 
—0—0—0-0—0—+ ORDERS 
+ MANPOWER 

SOURCES and SINKS are used to mark the = CAPITAL EQUIPMENT 


boundary of the model. -$-$-$-$-$-$> MONEY 
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New flowchart notation 

Due to the limitations inherent in Systems 
Dynamics, the authors were compelled to 
expand the notation format to accommodate 
the methodological expansions: 


A. The multiple regression: 


| 2) 


1. The independent variables and sec- 
tors of origination; the acronym 
corresponds closely to the full 
name. 

2. The dependent variable. 

3. The multiple regression number MR 

In a model of such complexity, the inter- 

sector iñiputs and outputs may not be appar- 
ent at first glance. The multiple regres- 
sion symbols found in the flow-charts 
represent the major inter-sector connect- 
ion points; therefore the reader is advised 
to look there first to gain an appreciation 
of the general model structure. 

B. The fixed source: meaning a finite 
supply of some commodity, such as 
‘available land' or "natural resourc- 
es!, that is drained by the model but 
cannot be replenished. 


VAR] — 10\(1) 
VAR — 5 


FIXED 


C. The allocation algorithm: meaning a 


point at which a complex utility or 
preference structure must be exercised 
regarding the allocation of some 
resource, e.g. capital. The algorithm 
may be: a) coded mathematically, 

b) completely user defined during 
gaming, or c) a combination of the 
above. 


ALGORITHM 


D. Flow of houses: a simple addition to 
the flow types provided by Systems 
Dynamics. 


Les 


The model sectors 


(The section number corresponds to the 
sector number.) 


1. Social innovativeness 

Many systems variables are subject to 
modifications resulting from cultural nor- 
mative change or by pressures resulting 
from combinations of social forces, Rapid 
behavior modification or social evolution 
is an uncommon phenomenon, but innovation 
on specific and limited modes of behavior 
may have wide cross-impact on the system 
at large. The key variable involved is the 
degree of innovativeness of a society. 
Rogers [9], Lerner [50], Pye [14] and 
others27 have discussed the role of inno- 
vativeness as an antecedent variable in 
any process of social mobilization or 
modernization. 

The causal ordering of the multiple 
regression MR1A requires the reader to 
refer to Sector 3 (Education), 8 (Informa- 
tion), and 10 (Sociopolitical processes), 
and will be summarized in the following 
discussion. 

The level of innovativeness is measured 
by the rate of adoption of certain key 
social and technological innovations, such 
as the use of hybrid corn, farm mechaniza- 
tion, adoption of 'modern' dress habits, 
or any other culture-specific recent inno- 
vation which can be interpreted by a 
sociologist or anthropologist as signalling 
an adoption process. The ideal situation 
would be to unearth a reliable cross- 
cultural measure. 

The adoption process data describes an 
‘S!' curve of the type and meaning shown in 
Fig.6. The steeper the 'S' curve and the 
shorter the delay, the more innovative is 
the culture. À score reflecting those two 
attributes can be built into a scale of 
innovativeness, the dependent variable in 
the regression. 

The independent variables will only be 
listed. A full explanation of their order- 
ing is presented in Rogers [1], pp 290-315. 
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IA Information absorption. 

SES Socio-economic status, 

IND Level of industrialization. 

DEVI Developmental index, incorporat- 
ing national integration with 
political development. 

URB Level of urbanization. 

CAP Capacity to interact with infor- 
mation. 

WILL Willingness to interact with in- 
formation. 

REL Religiosity. 

FAT Fatalism. 

EM Empathy. 

HCQ Health care quality. 

The value of innovativeness is delayed 


to smooth out any sudden and/or extreme 
changes in the score. It is meaningless to 
talk about general innovativeness without 
tying it to a specific mode of behavior, 
hence the reader will discover seven iso- 
morphic paths leading to specific behavi- 
ors. Each can be typically tied to a 
Imodernization program', such as a UNESCO 
campaign to increase literacy, or a 
national effort to raise the food output 
per acre. Parameters 1-2 to 1-8 allow for 
gaming such explicit programs by setting 
one parameter full on, and reducing the 
othersitosuppressithetrieffect nié tire 
experimenter anticipates some 'cross-talk', 
e.g. the information and interest genera- 
ted by one program will affect the level 
of innovativeness in other areas. Such 
cross-talk is expressed by setting the 
parameters at fractional values. 

The innovativeness is then delayed 
through a change agent, which expressed a 
cultural pressure to change a particular 
behavior and implies the machinery of the 
change agency. The change agent can be 
effectively blocked by a high resistance 
to change, or it can be transmitted direct- 
ly into behavior if the resistance is low. 
Parameters 1-9 to 1-15 perform an interest- 
ing gaming function; if the experimenter 
feels that a 'backlash' may be experienced 
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as a result of the modernization program, 


the values can be set to a negative number, 


hence decreasing the desired behavior 
(i.e. the birth rate goes up instead of 
down). Also, by adjusting parameters 1-16 


to 1-22, the user can effectively ‘block or 


accelerate any behavior modification to 
check the systemic effects. It may be dis- 
covered, for example, that a frontal 
assault on the birth rate is not as effect- 
ive as a massive effort in educational 
goals (e.g. literacy). 

Finally, that portion of the change 
agent that is not blocked by resistance to 
change is translated into behavior. À sum-, 
mary of the outputs is presented to give 
the reader an appreciation of the wide 
effects: 


WIBR Willingness to innovate on the 
birth rate. 

DFN Demand for food and nutrition, 

WIAP Willingness to innovate on agri- 
cultural practices. 

DIHCM Demand for increased health care. 

WIHP Willingness to innovate on health 
practices. 

DME Demand for more education. 

WIEG Willingness to innovate on edu- 
cational goals, 

DMEP Demand for environmental protec- 
tion. 

2%GR % goods recycled. 

DNH Demand for new housing. 

WIHP Willingness to innovate on hous- 
ing practices. 

DBMSL Demand for better material stan- 


dard of living. 
The list presented above is usually 
associated with social mobilization and 


modernization. As such, it plays an impor- 


tant part in providing the social tension 


necessary to change priorities in a cul- 


ture. These effects can be seen as a sur- 
rogate to the concepts of 'social aware- 


ness', 'evolution', and ‘'adaptation'. 


22 Capital resources allocation 


Capital is generated and becomes avail- 
able for distribution to the various sec- 
tors by a series of inputs from the socio- 
economic sector; at present, we can only 
initialize the rate and supply and input 
from GNP until a more complex function is 
developed. Capital is consumed differenti- 
ally in response to the wealth of the 


nation: poorer nations consume capital as. 


soon as it becomes available, whereas the 


wealthier nations maintain reserves which 


in turn produce more capital. Also, inter- 
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national flows of money representing 
imports, exports, loans, grants-in-aid, 
and the like are represented by parameters 
2-14 and 2-15. Parameter 2-16 increases 
the real amount of capital to allow for an 
accepted deficit level, since the budget 
is allocated according to the second, not 
the former figure. By manipulating the 
parameters, nations with a high foreign 
aid input and a high deficit level can be 
quite adequately represented. 

The allocation algorithm can operate in 

one of the following ways: 

1. All allocations are performed by the 
user at the gaming interrupt period. 
Subjective evaluations are made using 
the systems levels and desired poli- 
cies as gauges of effectiveness. 


2. The entire algorithm is coded mathe- 
matically to maximize system perform- 
ance by employing a marginal, or other 
type, utility function. 

3. Tie up a fixed percentage of the capi- 
tal (which can be user-set at some 
value, say 80%), and allow the user 
to disburse the remainder according 
to a subjective or intuitive mecha- 
nism. This method allows a built-in 
capital pre-requisite as maintenance 
money, regardless of any expansion or 
improvement programs. 

The logic for all thirteen outputs from 
the algorithm is identical: pressure to 
change the priorities on Variable X builds 
up exogenous to this sector — that pressure 
is eventually actualized, after a legal/ 
political delay, and results in a changed 
value of the Capital Investment Ratio 
Fraction indicated for Variable X*. This 
value is then matched agaïnst all the 
other indicated fractions, and the ‘'alloca- 
tion algorithm' then determines the distri- 
bution of capital. The capital is then 
distributed, by means of the CIR blocks, 
to the various sectors. 

The reader should note that whereas the 
CIR blocks always sum to unity, the CIRFS 
blocks do not; typically, the full amount 
indicated by the CIRFS blocks as needed 
for each sector may exceed the actual 
budget by a factor of 5 or 10. 

A summary of the sectors is presented as 
follows: 


CIRED Capital investment ratio for 
Education, and the same for: 

CIREN Energy 

CIREP Environmental protection 

CIRF Food 

CIRH Housing 
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CIRID Information diffusion 

CIRCH Communication hardware 

CIRM Medicine and health care 
CIRIND Industrialization 

CIRMSL Material standard of life 
CIRGOV Government operations % 
CIRPI Personal income L 
CIRD Defense establishment 


As stated in the introduction, the Socio 
economic sector has not been completed; a 
close tie-in between these sectors is 
planned, especially in predicting the 
capital generation. 


3. Education / 

3.1 Flow of people. The flow of people 
entering the educational system is deter- 
mined by the size of the school age popu- 
lation; this number is modified by para- 
meter 3-6 which expresses a policy regard- 
ing the fraction of children expected to 
enter the primary school as a percentage 
of all eligible children. The multiple 
regression MR3B,, MR3B;, and MR3B;, accu- 
rately predict the primary school, second- 
ary (and vocational) school, and higher 
education population. Since the parameters 
and the multiple regressions serve dupli- 
cate functions in determining the popula- 
tion at each level, the system assumes the 
value of the multiple regression unless it 
is overridden by an explicit policy being 
‘gamed'; this allows the scenario of an 
under-developed country which is predicted 
to enroll only 25% of its eligible popula- 
tion into primary school to set a policy 
in year X to enroll 95%, The independent 
variables determining the three populations 
are :29 | 

Industrialization. 

Urbanization. 

Socio-economic status. 

Developmental index. 

Material standard of life. 

Information absorption. 

Average educational attainment. 

Willingness to innovate on educational 

goals (table). 

Capital investment per capita on educa- 

tion. 

Direct investment into primary, second- 

ary, and higher education. 

The three populations progress through 
the educational levels until they leave 
the educational system. At each transition 
point, the user may specify the attrition, 
or drop-out rate through parameters 3-8 to 
3-10; of course, the delay time can also 
be user-set, depending on the number of 
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years necessary to complete each level. 

The people who either never enroll in 
primary school or who fail to finish enter 
into the semi- or unskilled labor force; 
this number is added to the existing semi- 
and unskilled labor population through 
parameter 3-11. Likewise, those who either 
do not enroll or fail to finish secondary 
school enter the skilled labor force, and 
those entering or graduating from higher 
education enter the professional labor 
force. For the purpose of this model, no 
further disaggregation is made, and the 
assumption is taken that once entering a 
labor force, no upward or downward mobility 
occurs. Some allowance is made for mobility 
in Sector 10, but as yet, the full process 
is not expressed. 


The three labor populations are added by 
weighted average to form a labor quality 
index; this index outputs to the develop- 
mental index in Sector 10, and eventually 
reappears as an independent variable in 
the multiple regression equation, MR3B, 
hence forming a long positive feedback 
loop. Likewise, the number of people in 
each of the three educational levels is 
weighted into an average educational 
attainment index; the value of this index 
enters the MR equations for the rate of 
industrial and urban growth, information 
diffusion, and the birth rate — again 
describing a long positive feedback loop. 

3.2 Capital. Capital enters the sector 
into an allocation algorithm which deter- 
mines the relative allocations for primary, 
secondary, and higher education. Parameters 
3-1 to 3-3 translate this investment into 
enrolment (e.g. $1,000 = 1 student), and 
is subject to experimental control. At the 
present level of complexity, the relative 
merits of investing in faculty, training 
programs, educational materials, or educa- 
tional facilities cannot be measured. 

There is also no expression for the rela- 
tive decay of such investments, e.g. train- 
ing one competent educator may cost as much 
as providing lunch programs for 10,000 
children for one year: what are the rela- 
tive benefits to the educational attaïinment 
of the population as a whole? A micro- 
module would be desirable to test these 
policy questions. 

3.3 Flow of information. Functional 
literacy has been recognized as a key 
variable in the process of modernisation? 
and is therefore a primary policy target 
for many of the world's less developed 
nations. The literacy score, therefore, 
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outputs to the same set of variables as 

the average educational attainment (see 

above), and is hence felt throughout the 
system. 

Three key intervening variables between 
education and literacy on the one hand, L 
and modernization on the other — are the 
culture's level of empathy, fatalism, and 
religiosity. Empathy is defined as the 
ability to project outside one's immediate 
circumstance and 'visualize' a better 
world; it is alternately described as the « 
ability to identify with a desirable refer= 
ence group goal, and hence strive to attain 
it. Fatalism is defined as the well-known 
phenomenon refusing the place hope in the 
future: things are now as they always have 
been and always will be, and therefore 
there is no reason to strive to improve 
oneself. Religiosity is a measure of super- 
stition and metaphysical dogma in the cul- 
ture, to the extent that it acts as”a 
retardant on innovativeness; we do not 
tend to imply that religiosity is wholly 
dysfunctional — since only one aspect of 
the cultural trait is of interest here. 

Willingness to interact with new infor- 
mation and ideas rests heavily on the 
scores received for empathy, religiosity, 
and fatalism. The degree of willingness to 
accept new information, especially infor- 
mation deemed hostile to one's traditional 
sets of belief, is one of the most sensi- 
tive areas in the buildup to innovative- 
ness. Likewise, one's capacity to interact 
meaningfully (meaning IQ, ability to read 
and write, quantitative ability) can either 
block or enhance an attempt to receive new 
information. CAP and WILL operate independ- 
ently: one might have the capacity (liter- 
acy, education), but not the willingness — 
or vice versa. 

The structural equations for each of the 
above dependent variables are identical, 
with the exception that the scores of 
empathy, religiosity, and fatalism appear 
in each other's equations. Urbanization in. 
this context is meant to include both cos- 
mopolitiness and proximity to opinion 
leaders, although it would be desirable in 
a more advanced model to distinguish 
between the two more precisely. 

The scores of all the dependent variables 
then appear in the equation for INNOVATIVE- 
NESS, which appears in Sector 1 and is 
properly an append to the Education sector. 
Since the level of innovativeness of a cul- 
ture plays such a central role in moderni- 
zation and development, it also greatly 
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influences the enrolment levels of the 
three sub-populations under consideration. 
Here again, a long, slow positive feedback 


|  1oop is at work throughout the system. 


Finally, the scores for Willingness and 
Capacity are summed to produce a demand 
for more education; the value of the demand 
can be multiplied by parameter 3-24 to 
express the relative deprivation$l felt by 
a population at large comparing their level 
to a reference group of neighboring, 
otherwise homologous nation. The demand 
builds up pressure to change the priorities 
on education; this pressure is relieved by 
actualization of increased education after 
a variable delay time for the political 
process. The actualization has two effects 
on the system: 1) it alters the capital 
fraction allocated to education, and 2) it 
strengthens the legitimacy of the govern- 
ment. 


4. Energ 

The total capital investment in energy 
is distributed by an allocation algorithm 
to either research and development or 
plant construction and maintenance. The 
subscript (2) is used to represent the 
various forms of energy production listed 
below; the identical model structures are 
intended to operate in parallel. 


TABLE 

ion à Mode 
12 Fossil plants 
2 Fission plants 
3 Fast breeders 
4 Hydroelectric 
5 Solar 
6 Fusion 
ul F4 


*As a new energy technology 
is developed, a sub-model 
can be readily incorporated 
into the model to test its 
effect on the system. 


Information on the rate of retirement of 
the R and D capital is fed back to the 
algorithm, and can be compared against the 
length of time necessary to bring a cer- 
tain technology up to the level of imple- 
mentation; for example, a very little R 
and D capital is necessary to improve 
fossil plants, whereas very large sums are 


necessary to bring fusion state-of-the-art 
to the desired level, By gaming the allo- 
cation algorithm, the user can devise 
scenarios that call for the eventual shut- 
down of all fossil plant construction and 
maintenance in favor of fusion plants. 

The capital in construction is transla- 
ted into actual plants through à conversion 
parameter, 4-3; the plants then begin to 
obsolesce, and will eventually be retired 
unless maintenance capital is provided. 
The total plant capacity, converted by 
parameter 4-6 reflects state-of-the-art 
efficiency jumps, is then delayed to 
determine the smoothed kilowatt-hours. 
This figure controls the theoretical rate 
of energy production. Similarly, multiple 
regression MR4A determines the theoretical 
rate of energy consumption based on the 
level of industrialization, urbanization, 
material standard of life, developmental 
index, and the natural resources for 
domestic use. The difference between the 
two rates sets up a demand for more energy; 
the demand, in turn, builds up the pressure 
to increase investment in energy, result- 
ing in actualization after a delay. It 
should be noted that part of the available 
energy is split off and lost due to inef- 
fective distribution systems. The user can 
model the over-all systems effect of a 
scenario which improves interregional 
distribution effectiveness by setting 
parameter 4-14 to a level 1/10 or 1/100 
its normal value. 

The available energy is transformed into 
energy slaves.%2 The energy slave concept, 
developed by R. Buckminster Fuller [11], 
expresses the idea that when a person is 
freed from manual labor by having electri- 
cal energy (slaves) available, he is then 
free to develop in the 'softer' ways which 
indicate success: becoming literate, 
achieving more education, and becoming a 
participatory citizen. Energy slaves output 
to the various equations determining the 
rate of industrial and urban growth, 
material standard of living, information 
diffusion, and innovativeness. 

Environmental impact. Each mode of pro- 
duction is monitored for its production of 
land, air, and water pollution. Parameters 
427, 4-8, and 4-9 allow the user to estab- 
lish controls on these emissions or to 
adjust the effectiveness of existing con- 
trols; they can alternately be viewed as 
state-of-the-art parameters which could 
state that "by the year 2000, breeder 
reactors will produce 1/100 the radioactive 


285 


ABiauz ÿ 101928S 


D 


SE 
il 


q WLM SHOO $ 
7 ki 


NINSIULSIO 
WOYA SS07 


\ 
ù e 
G-QuN pere | Æ 
(a L= SH Pa À (1) SINYId 
/ OL" gun Lo 
YEuu 
OL-9SN 
YOLMN 
“in Han | 
*LONSISNOD | d 


INVTd 


"ISANI 


!) 
ADUNT 


N 
(z-Na812) 


286 


waste material as they do today'. Similarly 
each mode of production consumes its own 
amount of natural resources, Summed over- 
all, the natural resources consumed by 
energy production can be expressed as an 
input to the Environment sector. By adjust- 
ing parameter 4-10, the user may again 
introduce state-of-the-art efficiencies 
for consideration in thé resource use rate. 
It would be desirable here, as in the 
Environment sector, to further disaggre- 
gate between the various forms of pollution 
in terms of particulates, acids, sulphur, 
radioactive waste, land destruction from 
dam back-ups, etc. It would also be 
desirable to trace specific usages of 
resources, such as oil, coal, uranium, 
etc. An expansion of micro-module is indi- 
cated. 


5. The environment 

The natural resource reserve is presented 
as a fixed source; at the present level of 
aggregation, no distinction is made between 
specific resources, such as bauxite or 
natural gas, nor between major categories 
of resources, such as minerals, metals, 
and oils. À micro-module is envisioned to 
perform the critical task of monitoring 
these resources in detail, a task made 
more feasible due to the existence of a 
wealth of data regarding reservoirs, usage 
rates and so on. Parameter 5-33 allows 
experimental control of the remaining 
natural resources by gaming a run with 10, 
100, or even 1,000 times the resource 
presently believed to exist, thereby 
accounting for unexplored and undiscovered 
potential reserves. The natural resource 
extraction rate, fed by a 1970 base value 
(5-34), can also be adjusted by two state- 
of-the-art parameters, 5-35 and 5-36, 
whose function is to express quantum jumps 
in the efficiency or productivity of 
extraction and refinement technologies. 
For example, if by today's technology, 

100 tons of ore produces 10 tons of Metal 
X, the user can anticipate advanced tech- 
nology that would allow 50 ton extraction 
of Metal X, thereby effectively multiply- 
ing the resources remaining by a factor of 
five. 

The natural resource stockpile is 
drained by the usage rate; parameters 5-37 
and 5-47 allow for imports and exports of 
raw resources and can be particularly 
powerful in the economies of less devel- 
oped nations having a high stockpile, but 
a low domestic use. The fraction remaining 


for domestic consumption outputs to the 
multiple regression determining the rate 
of industrial growth and energy consump- 
tion, and is therefore felt throughout the 
system. MR5SA determines the usage rate; 
until a more explicit economic sector is 
formulated, the independent variables used 
are: 


NREN Natural resources used for energy 

MSL Material standard of life (goods 
consumed) 

URB Urbanization 

IND Industrialization 


The natural resources are converted into 
goods via an implicit process and an 
explicit conversion parameter 5-40, which 
can adjust for high efficiency production 
processes, After a specified delay period, 
these goods become obsolescent and are 


discarded in one of two ways: 

1. They are dumped, and become land pol- 
lution through parameter 5-41 (which 
can be adjusted for creative uses of 
solid waste). : 

2. They are recycled back into either 
‘raw! resources, or new goods. 

The latter process is controlled by a rate, 
with parameter 5-47 allowing for an experi- 
mentally set loss factor. The over-all 
effectiveness of the recycling program is 
controlled by the capital invested; again, 
parameters 5-39 and 5-42 allow user inter- 
action with the expected effectiveness of 
such programs and the percentage of goods 
to be recycled. 

Three flows of pollution are monitored: 
air, land, and water. As with the natural 
resources and energy sectors, no disaggre- 
gation is made to distinguish between the 
various specific pollutants — these can be 
handled by a micro-module, 

Industry, urbanization, and energy con- 
sumption control the air pollution rate; 
similarly, but with the addition of agri- 
culture, these variables also control the 
land pollution and water pollution rates. 
The use of residual pesticides and ferti- 
lizers, delayed to account for the length 
of time before the effects appear in the 
environment, is the major contributor to 
pollution from agriculture. Parameters 5-1 
to 5-22 convert the level of industriali- 
zation, urbanization, etc. into pollutants, 
and are experimentally controlled to 
express a state-of-the-art improvement in 
the emission levels of these traditional 
polluters, These parameters also convert 
the capital invested in pollution control 
into effective control of emissions, and 
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can be construed as representing either 
technological or political control. 

As the levels of air, land, and water 
pollution fill, some transfer is effected 
between them. Air pollution contaminates 
both the land and water; water pollution 
affects the land. These transfers are 
accomplished by rates which are controlled 
by parameters 5-23, 5-24, and 5-25, Once 
present in the ecosystem, they remain 
until the absorption rate can neutralize 
their harm. The rate is variable, depend- 
ing on the mix of pollutants among the 
following categories: 

1. Percent short decay (1 to 5 years, 

such as biodegradable). 

2. Percent medium decay (5 to 15 years, 

such as wood and cloth), 

3. Percent long decay (15 to 30 years, 


such as metals). 
4, Percent extended decay (30 years and 
up, such as plastics). 
Parameters 5-29 to 5-31 enable the user to 
game a scenario wherein 90% of all pollu- 
tants produced are in the short decay cate- 
gory in anticipation of improved technolo- 
gies or controls; likewise, the user may 
want to retain the 1970 standards to gauge 
the environmental impact if no policy 
change was made. 

The amount of pollution in the environ- 
ment is smoothed over time, and creates an 
environmental rating index; this index is 
instrumental in determining the health 
care quality of a region and the adequacy 
of the housing of a region. Other systemic 
influences found to be significant may be 
added, such as on the birth or death rate 
— but these influences seem trivial to the 
authors. 

The process by which pressure is brought 
to bear on the political and economic 
institutions to protect the environment 
follows three paths. Firstly, the actual 
pollution visible and felt by the popula- 
tion adds political pressure; secondly, 
the number of years remaining until the 
natural resource reserves are outstripped 
by the demand causes a "crisis awareness! 
which mobilizes the conservation and 
recycling efforts; thirdly, as a society 
becomes aware of environmental problems, 
it is more willing to innovate in that 
respect, by adjusting life styles and 
habits and generating a high diffusion of 
information — resulting in an increasing 
demand for more environmental protection. 
These social, political, and economic 
pressures are actualized after a specified 
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delay period, resulting in an increase Of 
the capital resource allocation for envi- 
ronmental protection. The legal-political=« 
economic delay necessary to translate 
pressure into policy can be set for fast … 
reaction (e.g. 1 year) to very slow reac- 4 
tion (e.g. 30 years) depending on the 1 
particular nation being studied. The 

actual capital invested is split into two 
channels: 

1. Direct pollution control programs 

“ throughout industry, agriculture, and 
urban life in general. 

2. À recycling and resource conservation 
effort, including R & D on new tech-, 
nology. 

To the extent that the environmental rating 
improves through actualization of the 
pressure to change priorities, the national 


government enjoys an increase in its legi- 
timation. 


À 


# 
‘ 
N 


6. Food and nutrition 

The system performance under evaluation 
in this sector is the level of population 
adequately or inadequately fed. The main 
gaming functions revolve around the goal 
of bringing 100% of the population to a 
level of adequacy. Four basic flows are 
presented: land, food, people, and capital. 

6.1 Land. The fixed source of arable 
land is defined as all presently unculti- 
vated land which is deemed arable by 
today's standards and technology; para- 
meter 6-18 allows the user to multiply 
this source to represent anticipated 
state-of-the-art improvements in convert- 
ing ‘non-arable' land into good farm-land 
by earth-moving, irrigation, or other 
means. The rate of cultivation of arable 
land increases the stock of usable farm 
land, and is also spurred by the rate of 
loss of good farm land to urbanization and 
other residential expansion and centrali- 
zation. The level of urbanized land is 
formulated to grow indefinitely without 
being subject to countervailing trends — 
such as reclaïiming urban land for agri- 
culture. À flow backwards from urban to 
farm land is straightforward to model, 
although there exists no real-world 
precedence. 

6,2 Capital. The capital invested in 
food production is apportioned between two 
major flows: 

1, All land-based food production, 

including farming, processing, etc. 

2. Water-based food production, includ- 

ing ocean and synthetic fishing 
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grounds and hydroponics. 
The investment in land-based food deter- 
mines the use of fertilizers and pestici- 
des through parameter 6-20, reflecting the 
phenomenon that when a highly under- 
developed agricultural region receives a 
large capital input, almost invariably the 
first investment is in these chemicals. 
The use of chemicals and capital together 
affect the output per acre through para- 
meter 6-14 and 6-15; the former provides a 
conversion from the use of fertilizers/ 
pesticides into output per acre, while the 
latter expresses the benefit of capital 
equipment. Non-capital influences on the 
output per acre are: 

1. The quality of land, as determined by 
the air, water, and land pollution 
levels and the actual measure of the 
land quality in the region, picking 
up the influences of poor crop rota- 
tion, flooding, or poor soil nourish- 
ment. 

2. To the extent that the population is 
inadequately nutriated, cultural 
willingness to innovate is enhanced; 
this relationship is controlled by a 
table. Also, the change agent on 
agricultural practices influences the 
willingness to innovate. Together 
they form a table of new farming tech- 
niques influencing the output per 
acre: this includes using hybrid 
grain strains, improving dams and 
irrigation systems, improving crop 
rotation, employing modern plowing 
and harvesting technology, or utiliz- 
ing some systematic management tech- 
niques. In combination with the capi- 
tal investment, the output per acre 
can be accurately determined. 

In the water-based sector, capital 
investment is translated into shipping 
tonnage and the accompanying fishing 
industry; the tonnage increases the food 
output from the oceans, but it also serves 
to deplete the fishin grounds, The reduced 
quality of the waterways from pollution 
can also seriously deplete the fishing 
grounds, À more explicit account of fish- 
ing grounds and stocking levels would be 
expressed in a micro-module. The capital 
is also invested in hydroponics through 
parameter 6-11; again, the hydroponics 
increases the total food supply and 
relieves the fishing grounds' depletion, 


assuming food consumption is held constant. 


If the user has some reason to believe 
that advanced techniques in fish stocking 
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and ocean farming can substantially 
increase the food output, then parameter 
6-13 can be multiplied by a factor to 
reflect this view. 

6.3 Food. We have shown how the total 
output from land and water produces food. 
Parameters 6-13 and 6-17 reduce the total 
amount by a loss factor to account for 
loss due to transportation, storage, and 
processing. The nutritional value of the 
food, as expressed in terms of available 
protein, carbohydrates, vitamins, and 
‘other' (minerals, oils, roughage), is 
derived for purpose of analysis. The 
theoretical availability of these nutri-! 
ents is determined by a multiple regres- 
sion MR6A, which essentially constructs a 
model around industrialization, develop- 
ment, and material standard of life. The 


actual available food is compared to the 
food requirements of the population, as 
established by parameters 6-1 to 6-4; any 
difference in the two levels is recorded 
as an increased nutritional demand. It 
should be not:à that parameters 6-9 and 
6-10 allow for food imports and exports — 
an important accounting for those countries 
heavily dependent on food imports to sus- 
tain their population. The input can 
either be made as ‘bulk food', or speci- 
fied in terms of protein, carbohydrates, 
vitamins, etc. 

6.4 People. The stratification inequal- 
ity expresses the skewness or non-egalita- 
rianism of a society due to a class system. 
A highly egalitarian society would receive 
a low score, whereas a caste system would: 
receive a very high score. In the context 
of this sector, we mean that given a 
significant step increase in the food 
supply by some unspecified source (either 
production or import), the distribution 
patterns would look as follows: 


Amount 
of food 
consumed 


tie ht RENE 


Income 


LOWLSS Te 


Fig.7 


Amount 
of food 
consumed 


Income 


Median S.I. Fig.8 
Amount 
of food 
consumed 
Income 
High S.I. Fig.9 


A population at time tp is defined to have 
two dichotomous groups: those adequately 
and inadequately nourished; each of these 
populations has a birth rate associated 
with it; each population can also be dis- 
tinguished by its area of residence. The 


_ table from Sector 12 (Demographics) sum- 


marizes the categories: 


1 2 3 
j Region Age 0-15 Age 16-45 Age 46+ 
1 Urban/Metro- 
politan 
2 Ex, sub- 
urban 


3 Rural, agri- 
cultural 


Fig.10 


Highly detailed information is hence avail- 
able on the actual birth rate, population 
level, and death rate of a particular 
region for a given age group. The strati- 
fication inequality measure further 


elaborates the table by introducing infor- 
mation about the class structure: e.g. a 
disproportionate number of upper-class 
people (consuming an ‘unfair' share of 
nutrients) live in the urban areas, belong 
to the second age group, and have a lower 
birth rate, population level, and death 
Tate. 

(By using the subscripting notation, a 
great deal of information on a population 
can be maintaïined with relatively simple 
flow-chart representation. This logic is 
used in the Food and Nutrition, Housing 
and Health Care sectors.) 

Although the populations are dichotomi- 
zed, a shift from adequate-to-inadequate 
and vice-versa is allowed in response to 
changing availability of food. The infor- 
mation on a change in the food supply is 
delayed to reflect the assumption that it 
takes time to change one's nutritional 
rating. The two-valued delay accounts for 
the following: a) sudden deprivation of 
food to those previously adequately nour-- 
ished will not cause a dramatic deteriora- 
tion in the rating, whereas a sudden 
deprivation to those already malnourished 
may be grievous, or even fatal; b) a 
sudden increase in the food supply to 
those previously rated adequate will 
immediately but marginally improve their 
rating, whereas a step increase to those 
endemically malnourished will not immedi- 
ately bring them to a level of adequacy, 
since bodily damage takes time to repair. 
However, after the appropriate delay 
period, a step increase in the food will 
serve to increase the rating dramatically; 
an effect of achieving a high adequacy 
rating will obviously raise the birth rate 
and lower the death rate (as reflected in 
MR12A and MR12B), which might further 
excacerbate the food problem. 

The level of population inadequately fed 
will raiïise the demand for more food. As 
the pressure to increase the supply mounts, 
the resistance to change the traditional 
agricultural practices will diminish; this 
will cause innovation on agriculture, and 
eventually more food. Also, political and 
economic actualization will result in an 
increased capital investment in the food 
sector, hence causing a rise in the land 
and water output. À by-product of the 
actualization is to further legitimize the 
government in power. 

We would here like to introduce the con- 
cept of ‘'Bare Maximum! as defined by 
R. Buckminster Fuller. The goal of enlight- 
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mm ——————— 


Successful societies 


Surplus Bare maximum Bare minimum Insufficient Life 

‘Super-abundance' 'Abundance! ‘Sufficiency' Agricultural support 

Post-industrial Industrial Industrializing No industrialization sporadic 
1 2 3 4 5 


Fig.11 


ened policy design is to bring 100% of 
mankind to a level of "success! with 
respect to the vital life systems, one of 
which is adequate housing. Bare maximum is 
defined as a culture-specific rating along 
the continuum of Fig.11. Fuller's thesis 
is that given today's technology, all man- 
kind can be brought to level 2 by rational 


planning and design. The usual orientation 
is to establish level 3 as a short-range 
goal which will 'acceptimize', to consider 
level 2 as 'satisficing', and to regard 
level 1 as 'optimization'. 


77 Housing 


The system performance measure under con- 
sideration in this sector is the population 
living in adequate or in inadequate hous- 
ing. Three major flows will be discussed: 
housing, people, capital. 

7.1 Housing. The rate of new housing 
starts is monitored in three residential 
regions: urban/metropolitan, ex- and sub- 
urban, and rural/agricultural. All new 
housing construction is categorized as 
available and adequate (two assumptions 
which should be tested in an expanded 
model). The available new housing is 
depleted by the occupancy rate, thus pro- 
viding the level of occupied housing units 
in region j. Depending on the quality of 
the housing, a user-defined decay rate 
turns the previously adequate housing into 
inadequate; the decay delay depends on the 
local circumstances. The level of inade- 
quate housing is influenced by MR7A, whose 
dependent variable measures the number of 
houses with inadequate facilities (water, 
electricity, sanitation) as predicted by 
the socio-economic condition of the 
country. The inadequate housing remains 
occupied until retired by: 

1. Being abandoned or demolished, 

2. Being renewed and renovated, in which 
case it is added to the stock of 
adequate available housing. 

It would be useful to test the assumption 
that renovation programs, especially in 
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Unsuccessful societies 


urban centers, do in fact convert housing fi 
from inadequate to adequate; a more desir- 
able approach would be to couple the hous- 
ing units with a rating of their social D 
and environmental context. 3 

The level of inadequate housing is trans 
lated into willingness to innovate on new 
housing practices, e.g. agreeing to accept 
and use 'modern' methods and facilities; 
this willingness becomes an input to the 
renovation and renewal rate. 

7,2 Capital. The Capital entering the 
sector is the amount invested in all 
aspects of construction and maintenance by 
private and public sectors, It is then \ 
distributed by policy (parameter 7-14) 
into either new housing construction or 
renewal programs. The subscript 7j allows 
specific investment policies in different 


regions; €.g. a scenario whereïin money for 
new housing construction is frozen in the 
urban centers, and instead is channeled to 
the rural sectors — representing 'planned 
communities'.%$ After a specified delay 
period, the capital is retired, causing 
need for more capital. The capital avail- 
able drives the rate of new construction 
and renovation programs. 

7,3 People. The flow of people uses the 
same logic as presented in Sector 6 (Food 
and Nutrition). The population is analyzed 
in terms of the regional, age-group affili- 
ation, and social class standing. This file 
structure is maintained for the birth rate, 
population level, and death rate of all 
countries. The population is then dichoto- 
mized into those living with adequate and 
inadequate housing. 

À unique flow not discussed in Sectors 6, 
9 and 12 traces the rates of in-migration 
and out-migration between regions, based 
on the perceived desirability of that 
region with respect to housing. The meas- 
ure of desirability is derived as follows: 

A. By comparing the required number of 

housing units to those available, 
either adequate or inadequate; para- 
meter 7-4 allows for specific cultural 
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variation in the accepted number of 
people occupying one housing unit. 

B. By comparing the relative quality of 
services and economic viability of 
the different regions; the inputs for 
these two measures come from the 
socio-economic sector. 

C. By comparing the densities of the 
different regions. The density is 
computed by measuring the urban, sub- 
urban and rural land available for 
housing as a percentage of the total 
land. 

As in-migration enlarges the population 
of a region, the need for more housing 
exacerbates the normal need resulting from 
the local birth rate. The demand is trans- 
lated into political and economic pressure; 
this pressure can be made more severe by 
employing the relative deprivation mulit- 
plier, which compares Population; ;x to 
either a neighboring nation or an intra- 
national reference group, e.g. the lower 
class aspiring to middle class housing. 

The system allows a shift from adequate- 
to-inadequate and vice-versa in response 
to the normal deterioration of housing 
units: given no new construction or reno- 
vation, almost the entire population will 
eventually sink into inadequacy. However, 


as new housing units become available, 
this does not necessarily mean that the 
most needy will receive them. The unequal 
distribution of the utile, housing, is 
handled by the stratification inequality. 

Finally, as pressure to provide better 
housing is actualized, the capital fraction 
is increased, the resistance to change 
housing practice is diminished, and the 
government receives an increase in legiti- 
mation, 


8. Information and communication 
8.1 Communication hardware. The rate of 
diffusion of communication hardware is 
determined by a multiple regression MR8A 
using the following independent variables: 
Capital investment ratio in communica- 
tion hardware. 
Energy slaves (consumption per capita). 
Industrialization. 
Developmental index. 
Literacy. 
Educational attainment. 
Material standard of life. 
Personal income on communication hard- 
ware, 
The dependent variable is a standardized 
summation of: 
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1. Ratios per 1,000 people. 

2. TV receivers per 1,000. 

3. Telephones per 1,000. | 
This score is added to the initial value 
of the hardware level, and remains in the 
field until the equipment is retired by % 
the obsolescence rate after a delay of | 
some years. In many under-developed A 
countries, the diffusion of communication 
hardware may not accurately reflect the 
level of development, literacy, and so on 
due to large inputs resulting from imports; 
for example, there exists a preponderance 
of transistor radios in many nations of 
the middle and far east introduced as an M 
explicit policy intended to allow ‘instant 
modernization via 'instant' communication.h… 
Such a gross input can be represented by 
parameter 8-11. 

8.2 Information diffusion. The informa- 
tion diffusion is measured by the rate of 
increase in the volume of domestic mail, 
telephone traffic, telegraph traffic, 
newspapers per 1,000, and cinema seats per 
1,000. The independent variables are simi- 
lar to the list above, with the addition * 
of the level of communication hardware. No 
specific representation is made for the 
rate of information diffusion through a 
culture, as in the case of a spread of a 


rumor. The level of national integration, 
as expressed through the Developmental 
index score (DEVI) serves as a contributor 
or retardant to the speed of diffusion; 3* 
a more explicit formulation may be desir- 
able and included later as a micro-module. 

The level of information, defined in 
‘information units' which void of specific 
meaning or value, feeds back directly to 
the diffusion rate. This loop expresses 
the two-step flow35 by allowing personal 
communications to operate as an echo of 
the primary diffusion process. Also, 
together with the level of communication 
hardware and the population density, a 
measure of exposure is derived; this 
measure also loops back to the diffusion 
rate and tends to increase it — allowing 
for informal face-to-face communications. 

The most crucial rate in this sector is 
information absorption; if information is 
to have any major systems effects, it must 
be absorbed by the population, or be lost 
to an undefined sink. À fuller apprecia- 
tion of the seven multipliers operating on 
absorption can be gaïined by referring to 
Sector 1. We shall trace through the seven 
modes of ‘'behavior', which are logically 
identical. 
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1. To the extent that the change agent 
on the birth rate is not neutralized 
by the cultural resistance to change 
the birth rate, the result is a 
willingness to innovate. This results 
in an increased sensitivity to infor- 
mation on birth, family planning, 
contraceptives, and so on. The increa- 
sed sensitivity results in general 
receptivity to new information, as 
expressed by a multiplier on the in- 
formation absorption rate. 

2. Information on material standard of 
life: all the communication associa- 
ted with the process of improving 
one's standard of life, such as talk- 
ing to opinion leaders, making trips 
to a metropolitan center, engaging in 
labor activities, and reading or 
talking about innovations in one's 
occupation or craft. 

3, Information on agriculture:36 similar 
to above, encompassed here is the 
broad range of information concerning 
new farming techniques, food storage, 
processing, preparation and purchas- 
ing. 
Information on health care: informa- 
tion on preventative medicine, 
hygiene, first aid, medicines, inno- 
culations, and so on; reflected here 
is the general awareness and concern 
about such information. 

5. Information on housing practices: 
includes all forms of innovation from 
building and maintenance to the use 
of modern facilities, 

6. Information on educational goals: 
expresses any form of absorption 
resulting from education, formal or 
informal; as the level of willingness 
increases, education is perceived as 
a desirable commodity, and the appe- 
tite for information increases as 
measured by consumption of books, 
magazines, cinema, and so on. 

7. Information on politics:57 this vari- 
able expresses how politicized and 
ideologically acute a population is, 
especially with respect to information 
absorption. 

8. The last multiplier, proximity, is 
determined by the population density 
and is another measure of exposure 
and information redundancy resulting 
in absorption. 

The major feedback loop on absorption 

goes through the information overload 

multiplier, which is determined by compar- 
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ing the desired absorption rate with the 
actual rate. The desired rate is derived 
from the measures of Capacity (literacy, 
verbal, quantitative, problem-solving 
ability) and Willingness (empathy, fatal- 
ism, religiosity) in Sector 3. As long as 
the overload condition has not been 
reached, the need for information is 
increased; at the cross-over point, the 
need multiplier does not affect the diffu- 
sion rate, but only the absorption rate, 
Notice also that the communication hard- 
ware operates on the information need 
through a multiplier, implying that the 
actual presence of hardware tends to 1 
accentuate one's need for information 
regardless of the overload condition; 38 | 
this accurately describes the situation in 
the so-called over-developed nations. 

Finally, to the extent that the need 
multiplier is positive, the capital invest- 
ment into the sector tends to be increased, 
subject to the allocation algorithm in the 
Capital Investment sector. 


9. Medicine and health care 

The system performance under evaluation 
in this sector is the level of population 
living under adequate health care. Two 
major flows are discussed: capital and 
people. 

9.1 Capital. The capital coming nto 
the health sector is distributed among the 
following: 

1. Training and education of medical 

staff. 

2. Equipment and facilities, including 
hospitals, clinics, and their sup- 
plies. 

3. Research investment. 

4, À crude health expenditure per capita 
measure, 

Class 1 is translated through parameters 
9-5 and 9-6 into physicians (including 
dentists) and supporting medical staff 
(nurses, orderlies, and para-profession- 
als). Class 2 and Class 3 together give 
rise to a measure of the percentage of the 
population exposed to and living under 
preventative health care programs such as 
first-aid training, immunization, and 
hygiene programs. The research investment, 
together with the culture's willingness to 
innovate on health care practices (derived 
in part from the level of the population 
living under inadequate health care), 
determines the effectiveness of the pre- 
ventative medicine programs. The actual 
population under preventative programs, 
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coupled with the programs' effectiveness, 
determine the death from specific diseases 
rate, which in turn determines the percent 
of man-days lost from work. The focal 
point of all these measures is the Health 
Care Quality index, computed from a mul- 
tiple regression. The dependent variable 
used for this purpose is the 


(runber of deaths from infectious ox) 
parasitic diseases 


(crude death rate) 


There is considerable ambiguity in the 
field regarding an acceptable measure of 
‘Quality',3% and the dependent variable is 
therefore subject to modification. Since 
it is assumed that the quality of health 
care has as much to do with the socio- 
economic context as with specific health 
indices, the regression was constructed to 
reflect this point of view: 

ER Environmental rating 


LEB Life expectancy at birth 

IMR Infant mortality ratic (often used 
as the dependent variable for HCQ) 

MSL Material standard of life 

URB Urbanization 

PAN Population living under adequate 
nutrition 

PAH Population living under adequate 
housing 

BR Birth rate 

DEVI  Developmental Index 


The actual level of health care quality 
is compared by a relative deprivation 
table to an adjoining society or reference 
group; to the extent that the people of a 
nation are mobilized to demand increased 
health care as a direct result of noticing 
a disparity between their and their neigh- 
bor's health care system, so will the 
willingness to innovate on health care 
also increase. 

9.2 People. This sector uses similar 
logic to that presented in Sector 6 (Food 
and Nutrition), and Sector 7 (Housing). A 
given population is analyzed in terms of 
region of residency, age group and social 
class, to give values for the present popu- 
lation, its birth and death rates. The 
population is dichotomized into those 
living under adequate health care, and 
those living under inadequate health care. 

A shift can be accomplished between the 
two populations in response to a change in 
the quality of the health system. Agaïn, a 
stratification inequality on health is 
used to represent the degree of egalitari- 
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L 
anism in a society, with similar interpre- « 
tation: assuming a new 2,000 bed hospital 
is built in Country B, will the increased « 
health benefits be felt throughout the 
region, or will it only be accessible to a 
wealthy minority? Likewise, if a decrease 
in the health system occurs, such as the 
breakout of an epidemic, the lower the 
level of people previously categorized as 
‘adequate', the higher will be the toll on 
the population — with those in 'adequate! 
dropping slightly (after a delay), and 
those in 'inadequate' sinking very rapidly 
to reflect their previous marginal exist- 
ence. 

The level of ‘'inadequate' feeds the 
demand for improved health care together 
with the health care change agent. This 
demand is translated into pressure on the 
political system to deliver the service; 
after a delay of some months or years or 
decades, these health services are actual- 
ized. The rate of actualization controls 
the capital flowing through the sector; 
also, the faster the rate of program 
implementation, the more the legitimacy is 
conferred on the government. 

Lastly, the quality of health care feeds 
back to modernization and accelerates the 
process whereby industrial growth and 
development creates a social context in 
which adequate health care is increased. 


1080010 polir IesT pro 

In this sector we describe the dynamics 
of industrialization, urbanization, modern- 
ization, and national development. It is: 
in no sense intended as a grand theory of 
the Parsonian nature; rather, the processes 
were chosen in that other systems behaviors 
e.g. education, literacy, housing, health 
care and nutrition, are imbedded in their 
underlying social and political context. 

In the absence of the economy sector 
(Sector 11), several inputs are missing, 
most notably those defining industrializa- 
tion, GNP, personal income, and material 
standard of life. Also the modernizing 
effects of development economics (or pos- 
sible retardation, depending on one's 
viewpoint) are lacking. The missing 
sectors are currently under development 
and will be included in a revised version 
of this report. 

Two powerful growth rates are focused 
upon as they affect almost every other 
sector, namely the rate of industrial and 
urban growth. Both are determined by the 
same structural equation in MR10B and 
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MR10D. À summary follows: 


RIG Rate of industrial growth — a com- 
posite index including the energy 
consumption, steel consumption and 
GNP per capita growth rates. 

RUG Rate of urban growth — index of 


the growth rate in the percent of 
population living in cities over 
20,000 plus the percent living in 
cities over 100,000. 

Independent variables: 


EC Energy consumption 

CH Communication hardware 

ED Average educational attainment 
LIT  Literacy rate 

ID Information diffusion 

NA Nutrition available 

GNP Gross National product 

IND Level of industrialization 

URB Level of urbanization 

MOD Rate of modernization 


The level of urbanization grows steadily, 
with no built-in mechanism to reverse the 
process. The long list of outputs reflects 
the pervasive effect of urbanization on 
most of the other sectors. Urbanization 
and industrialization are determinants of 
the rate of centralization here defined as 
the emergence of a political and economic 
substructure that has well-defined focal 
points, e.g. major cities, ports, and the 
lines of transportation and communication 
that bind them in a system.*° The effect 
of centralization is to increase the level 
of national political development, since 
implied in the concept of 'centralization' 
is the emergence of cultural, policy- 
making, and commerce power centers. 
National political development has been 
defined in many ways; *l we favor a view 
that equates political development not 
with democratic or Western-style government 
(such as the Cutright and Lipset [116] 
view), but with the ostensible political 
influence and impact on aspects of private 
life — especially the preponderance of a 
central government APDITAIE social welfare 
services to its population. ‘2? The reader 
should note that a major input to National 
Political Development is the political 
legitimization enjoyed by the government 
in power as a direct result of actualizing 
programs in response to pressure for 
increased nutrition, health care, educa- 
tion, material standard of life, etc. 

The level of industrialization, on the 
other hand, is constantly suffering decay 
due to obsolescence and capital retirement. 
A more sensitive expression of this decay 
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belongs in the Socio-economic sector; 
however, we have provided parameter 10-6 
to adjust for capital investment in main- 
tenance and upgrading, in effect a built-in 
‘capital improvement! policy. É: 
Industrialization, roughly measured by ? 
the percent of the Gross Domestic Product 


is another extremely powerful variable on 
the over-all system; it outputs to almost 
every sector, most notably on birth and 
death rate, education, literacy, housing, 
health, and the environment. Industrializa- 
tion and urbanization, together with all 
the outputs from the education sector 
(e.g. religiosity, empathy, fatalism, 
willingness, capacity) control the rate of 
modernization. This eclectic concept is 
defined not in terms of Western-style 
modernity and technocracy nor in terms of 
any particular direction of social or poli- 
tical evolution. We propose the utiliza- 
tion of a rank-order index to gauge the 
relative increase of the fundamental life 
support systems that are the main focus of 
performance evaluation in this paper ,*? 
compared to all other nations. To the 
extent that a society (or ideological/eco- 
nomic system) continues to fulfil the 

basic and changing demands of its popula- 
tion — to that extent only is it termed 
‘'modern'; once the rank-ordering procedure 
is established, it will be built into the 
model and will operate automatically. 

The rate of modernization increases the 
level of national integration; this is a 
measure of socio-cultural value homophily, 
the emergence of a ‘national character!, a 
‘group will', a ‘shared value system'.## 
National integration and modernization are 
linked in a positive feedback loop, for 
they are both the partial cause and conse- 
quence of the other. National integration 
can be drained by many factors: civil wars, 
factionalism, invasion, racism, or even 
the subtle geographical boundaries that 
tend to separate one region from another. 
All these factors have been defined out- 
side the model boundary except one: ethno- 
linguistic fractionalization,*° the extent 
to which a society is broken into distinct 
ethnic and linguistic sub-populations. 
Ethno-Linguistic Fractionalization erodes 
national integration while it is simulta- 
neously being suppressed by the rate of 
modernization: the assumption is that the 
two rates compete for national integration, 
and that highly modernized nations can 
fare somewhat better with high fractionali- 
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zation than less-modernized nations. This 
assumption can be tested via parameters 
10-4, 10-8 and 10-9. National integration 
is also bolstered by the level of satis- 
faction evident in a culture; this measure, 
in turn, is derived from the rate of 
social mobility, the result of a long posi- 
tive feedback loop wherein industrializa- 
tion and urbanization contribute to higher 
educational attainment, which gives rise 
to an increase in the labor quality index 
— hence, mobility. However, the level of 
Satisfaction is immediately drained by the 
rate of expectation which is driven by the 
Demand for..." multipliers introduced in 
thehpreceding-sectors. To the extent that 
the various demands are met, the rate of 
expectations becomes attenuated, theoreti- 
cally allowing the satisfaction level to 
climb. We posit that the expectation rate 
will usually be higher than mobility, 
therefore causing a persistently negative 
satisfaction level. Parameter 10-7 controls 
the expectation rate, and can be manipula- 
ted in several interesting fashions: if 
expectations were doubled overnight, would 
the political system respond with any 
significant improvement in the welfare 
levels? If expectations were reduced to 
zero, would all growth stop? How sensitive 
are the various sectors to the rate of 
expectation? 

Adapted from William Jones is the 
formula : +6 


Level of Level of satisfaction 
frustration Rate of expectation ? 


and we tentatively use that measure to 
interact with national integration. A 
society with high dissatisfaction and 
frustration is loathe to maintain any 
integration. This becomes important, since 
National Integration and National Political 
Development are added to construct a scale, 
called the Developmental Index; this index 
outputs to almost all the sectors and 
plays a major role in determining social 
change. The index also controls stratifi- 
cation inequality, which is a measure of 
both the peakedness (kurtosis) and skew- 
ness of the class distribution from the 
zero level (uniform distribution) .*7 A low 
value on stratification inequality means 
that an input in some commodity, say 
health care, will be distributed equally 
throughout the population; a high value 
would cause most of the benefits to be 
consumed by the upper classes only, with 


only a moderate trickle-down to the middle 
and lower classes. Lastly, the rates of 
expectation and modernization cause an 
increase in the achievement orientation of 
the populace;*8 this results in pressure 
to increase both the material standard of 
life and the rate of industrial growth. 
The achievement multiplier, a summation of 
the two rates, can be experimentally mani- 
pulated to describe each culture. 
(See page 305.) 

In Country A, modernization produces a 
slight backlash with respect to achieve- 
ment orientation, whereas in Country B 
small increases in modernization produce 
exponential rises in the achievement multi- 
plier: 

Multiple regression MR10E as presently 
formulated determines the 


IND Industrialization 
11. Economic variables 


The GNP readily gives rise to GNP per 
capita and average personal income; from 
this figure, the Socio-Economic Status of 
the lower 80% of the population is deter- 
mined, and outputs to the multiple regres- 
sion on the birth rate, housing, innovati- 
veness, and all the education variables 
(empathy, religiosity, fatalism, etc.). 
Parameters 10-12 and 10-11 are measures of 
the desired level of personal income and 
material standard, which is compared to 
the actual level; the disparity sets up 
new values for frustration, demand for 
higher income and demand for a better 
material standard of life. The reader 
should note that the material standard of 
life variable outputs to seven different 
sectors and is a major component in the 
determination of such systems as health, 
housing, education, and so on. As the 
pressure to increase material standards 
and industrial growth is actualized, the 
process is given new capital impetus and 
continues its growth. 

This sector is the clearest example of a 
positive feedback loop; there are virtually 
no powerful inhibitants to the processes 
at hand, although they are formulated as 
being somewhat conservative rates, Not 
only are they slow-growing processes, but 
are also extremely resistant to suppressive 
influences, The nature of the model is 
conservative with respect to sudden changes 
eithersintawWpositive'. direction, 1.e, 
ideal, desirable, utopian — or in a 'nega- 
tive! direction, i.e. disaster,. collapse, 
armageddon. Also it should be noted that 
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Middle 


ou Upper 


Fig.12 Demographic table for birth rate, time = to 


this sector is somewhat lacking in means 
for direct experimental manipulation, sug- 
gesting that a social ‘'force' is something 
that can be seen, felt, and measured, but 
not directly grasped by a single policy. 
In order to affect these fundamental pro- 
cesses, the experimenter is compelled to 
look elsewhere in the model for sensitive, 
but far-reaching pressure points. 


12. Demographics 

The dynamics of population growth are of 
intrinsic importance since the effects of 
population movements are deeply connected 
with the major systems under consideration. 
In addition, the housing, health, and food 
sectors require highly detailed demographic 
information in order to aid with accurate 
policy design. We therefore propose to 
present a model involving the three sub- 
script levels presented in Fig.12. The 
figure describes a four variable table 
broken down as follows: 

Age group: representing the 3rd, 2nd and 

1st generation approximately. 
: urban/metropolitan, ex and 

sub-urban, rural/farming/ 

nomadic. 
: upper/upper middle, middle/ 

bourgeoïisie, lower/working. 
The table is filled with the birth rate, 
or fertility rates of the specific groups 
in the 27 cells, An identically structured 
array is necessary to describe the popula- 


tion level of Country À at time tp. Simi- 
larly, a third identical array is alloca- 
ted for the death rate. An over-view of 
this structure is offered in Fig.13, where 
T = age group, J = region and k = class, 
With these parallel data structures as a 
base, the following model that operates 
identically for all three levels is 
presented: 

The crude birth rate is determined by a 
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Fig.13 The demography structure 


multiple regression MR12A which includes 
the following independent variables: 


: PLAH Population lines under adequate 
housing 
PLAN Population living under adequate 
nutrition 
PLAHC Population living under adequate 
health care 
LIT Literacy 
URB Urbanization 
= DEVI Developmental index 
L IND Industrialization 
.." LAED Avérage éducationaï attainnient 


Exogenous to the multiple regression, we 
allow the birth rate to be affected by 
changes in the willingness to innovate on 
the birth rate; such changes result from 
successful change agents overcoming cultu- 
ral resistance, plus an awareness that a 
lower birth rate is desirable. 

The population progresses through the 
three generational levels until they are 
'retired' from the system as predicted by 
the life expectancy at birth (multiple 
regression MR12C). At each step of the way 
the population is subject to a unique 
death rate due to the conditions of the 
independent variables. For example, Country 
A may have a very low infant mortality rate 
but a high incidence of premature deaths, 
while the circumstances in Country B may 
be reversed. 
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A simple summation of the three popula- 
tion levels yields the total population. 
Parameters 12-8 and 12-9 describe migra- 
tions and emigrations, and also allow for 
experimentation with the systems' effects 
of unusual situations, e.g. the sudden 
migration of 10 million people from 
Bengladesh to India. 

Population density for each region is 
derived by dividing the available resident- 
ial land by the population. The residential 
land is computed by subtracting the avail- 
able residential land from all urban land 
(thereby excluding factories, offices, 
shops, and roadways), and adding it to the 
difference between the available agricul- 
tural land and the agricultural land used 
for residence. Controlling parameter 12-10 
sets the limit of the available land mass, 
allowing for experimental expansion due to 
expensive but possible land reclamation or 
water-fill projects. Similarly, parameter 
12-11 reflects the growth of the urban 
center into ex- and sub-urban land masses 
available for housing. The density, or 
crowding ratio, outputs to the following: 


IACRM Information absorption from 
crowding (proximity and redund- 
ancy) 

SPA Space per person 

RCAL Resistance to change agricultural 
practice 

RCBR Resistance to change the birth 
rate 


A more advanced micro-module might attempt 
to translate crowding per se into social 
conflict, hence a breakdown in national 
integration. 

Lastly, a fraction of the total popula- 
tion (set by parameters 12-1 to 12-3) 
determines the available labor force; 
number should be the same as the one 
derived in Sector 3 (Education) which dis- 
cusses the quality of the labor force. 

Both variables output to the Socio-economic 
sector, not presented in this paper. An 
interesting experimental use of these 
parameters is to allow full equality of 

the sexes, thereby more than doubling the 
available labor force — and tracing the 
effects throughout the system. 


this 


Towards anticipatory design science 

The model is clearly still in an early 
stage of development. Each sector presented 
in the section on ‘The Model' represents a 
rough approximation of the salient issues, 
sensitive pressure points, and causal 
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ordering necessary to capture the dynamic 
processes involved. It is argumentative 
whether or not the approximation is suc- 
cessful, for we readily concede that the 
amount of work necessary to bring the 
model into a stage of implementation would 
require time and resources far exceeding 
those available to the authors. In fact, 
we shall argue that a mature model would 
require that each sector be developed by a 
team of experts in the field. Only then 
can one be reasonably assured that a trust- 
worthy model has been built. 

The aim of this paper is to lay the 


in the near future, Our purpose will have 
been served if the possibility of building 
high-resolution models has excited the | 
imagination of the reader. The proper way M 
to develop such a model suggests a coordi- 
nated multi-disciplinary (and possibly | 
multi-national) effort. As the number of 
experienced model-builders continues to 
grow, we feel that such an assemblage is 
indeed a possibility. Under the aegis of | 
such a team, the job of data-gathering, | 
coding, and testing the sectors seems more 
rewarding and plausible than if attempted 

by individual effort. | 

The justification for building a model 
such as described in this paper is predi- 
cated upon its implementation and use in 
policy design. As a piece of academic | 
accomplishment it is of only passing inter 
est to the authors. This stance is taken 
based on the observation that the world's « 
decision-making agencies are undergoing an «… 
extraordinarily rapid process of rationali- 
zation and quantification. As social pro- 
cesses become more complex and volatile, 
any bureaucratic sluggishness and dead- 
weight will tend to drag the agencies! 
effectiveness to a halt; of necessity, 
innovative solutions will be sought and 
implemented. 

Evidence for this process comes in many 
forms, not the least of which is the 
spread of computer applications in the 
policy sciences. For example, the on-going : 
transformations of the Soviet economy into : 
a cybernetically controlled and computer- 
managed system parallels the Western 
nations' increasingly pervasive reliance 
on computer-based operations research and 
management science techniques. Built into 
these movements is an implicit prerequisite 
to develop and maintain highly accurate 
data-gathering agencies, for a cybernetic 
system is crippled if fed decayed (delayed 


and distorted) or partial information. 

In parallel with these phenomena, we are 
now witnessing an impressive rise in 
global consciousness — the awareness that 
all nations share the same systems, such 
as food, health, and the environment, and 
that these systems are highly interactive. 
The international financial, scientific 
and academic communities have consistently 
indicated that short-sighted management 
and control of isolated systems is not 
only impractical, it is countérproductive 
and can at best provide only global sub- 
optimization. 

We anticipate that within a decade, a 
research institute will be established by 
international accord to deal with global 


policy design. Whether it is formed under 
the United Nations or assumes the shape of 
the proposed Institute for Applied Systems 
Analysis is immaterial to the central 
argument: that such an institute will be 
perceived as politically necessary and 
useful, and that the performance evalua- 
tions and policy designs formulated by the 
institute will be given an opportunity to 
influence national policy as it relates to 
the fundamental systems considered in this 
paper. 

Consider the following scenario: internal 
economic pressures force the major nuclear 
powers to de-escalate the arms race and 
divert capital into the public services 
sector; the world becomes increasingly 
fractured and aligned into a few major 
economic 'camps'; national prestige is 
determined less by the familiar yardsticks 
of military and economic domination — 
which become subservient to the social- 
welfare measures such as nutrition, 
housing, health, education, standard of 
living, and the environment. In the aggre- 
gate these measures can be conceived as a 
fqaualityof life index. 

Our view is that social unrest will only 
be alleviated (or co-opted), and govern- 
mental legitimacy reinforced by real 
increases in the quality of life as felt 
by the population at large, and that inter- 
national hegemony will be increasingly 
based upon the deliverance of these indi- 
cestofisuccess, 

Achieving enlightened leadership over a 
highly complex social system is more than 
a political nicety; it becomes a monumental 
management problem. This politician's 
nightmare points to an increased dependence 
on accurate policy design techniques: a 
more systematic, more believable, easier 


to actualize. It is precisely this need 
that the institute must satisfy. 


Footnotes 


l Sackman [81] pp 210-211: ‘Evolutionary 
experimentalism' refers to the extension 
of experimental method to social systems 
so that the course of social action is 
experimentally regulated with respect 
to relatively long-range evolutionary 
goals determined by changing social con- 
ditions...Humanistic automation is the 
elevation of human intelligence and the 
enhancement of social well-being through 
the use of computers for experimentally 
regulated evolution, of social systems 
in response to changing human needs. 

2 See Isard [19], Ch.5: ‘The general 
framework of decision-making', pp 160- 
224 

3 The original model built by Jay W. For- 

rester, World Dynamics [7], and the 

follow-up study conducted by Dennis 

Meadows and his team, Limits to Growth 

[61% 

À thorough critique of the Systems Dy- 

namics methodology and its seeming 

dependence on the DYNAMO computing 
language is presented by Ansoff and 

Slevin [107]. The history and applica- 

tions of the method are presented in a 

rejoinder by Forrester [108]. 

® See Isard [19], especially Ch.10-14 
presenting.ar"General, social, political 
and economic equilibrium theory for a 
system of regions', pp 49 -696,. 

6 Caplow and Finsterbusch [32, 33] resort 
to the following set: U.S., U.K., Bel- 
gium, Switzerland, W. Germany, Sweden, 
Australia, France, Canada, Austria, E. 
Germany, Netherlands, Czechoslovakia, 
Italy, Japan, U.S.S.R., Argentina, 
Hungary, Poland, Bulgaria, S. Africa, 
Spain, Chile, Cuba, Greece, Portugal, 
Rumania, Yugoslavia, Venezuela, Mexico, 
Malaya-Singapore, Taiwan, Brazil, 
Colombia, Rhodesia-Nyasaland, Peru, 
Algeria, Ceylon, Egypt, Morocco, S. 
Korea, Turkey, Kenya, Iraz, Ghana, 
Phillipines, Iran, India, China, Mada- 
gascar, Zaiire, S. Vietnam, Thaiïilan, 
Indonesia, Uganda, Mozambique, Burma, 
Saudia Arabia, Tanganikya, Pakistan, 
Nigeria, Sudan, Ethiopia, Afghanistan, 
Nepal, Yemen. The set was compiled on 
the basis of the most complete informa- 
tion available weighted against the 
size of the population. Together they 
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10 


11 


12 


19 


14 


equal 94% of the world's population. 
The parameters for selecting the vari- 
ables were: (1) showed control over the 
environment, (2) reliable base year, 
(3) data 85% complete, (4) unaffected 
by population size, (5) verifiable, 
(6) not dependent on transformations, 
(7) not describe an institutional clus- 
ter, (8) not subject to extinction, 
(9) not biased for or against capitali- 
stic or socialist countries. 
Taylor and Hudson [35] and UNRISD [36] 
both state that extreme care was taken 
in the inclusion of certain data; in 
some cases, reported information was 
either rejected or changed due to quali- 
ty problems. See also Finsterbusch [118] 
for a summary of problems incurred in 
cross-national work. 
Refer to the DYNAMO handbook [45] for 
any technical points. 
In Blalock [15, 17], see especially 
Otis Dudley Duncan [30] for an intro- 
duction to path analytic techniques. 
In Wonnacott [4] Ch.16 and 19; simple 
reciprocal causation is handled using 
Indirect Least Squares or 2-Stage Least 
Squares; the econometric literature in 
general is much more advanced in econo- 
mics than sociology, resulting in a 
methodological gap for handling complex 
social processes. 
See Stinchcombe [21], Technical Appen- . 
dix, pp 130-148; the application of 
feedback theory from electronic circuit 
design is a method of reducing complex 
graph networks into transformations of 
the linear equation. The normal method 
of handling such a model is to ‘unravel'! 
the model in terms of time, and time», 
hence converting a dynamic system into 
static formulation, 

À] — Xo — 3 EE PE Re 
The residual, or error terms would by 
necessity assume the values of the vari- 
ables outside the regression equation 
so that computation can proceed; this 
can be a dangerous assumption when the 
multiple R squared is low, and can only 
be warranted by high theoretical justi- 
fication. In all cases, a time series 
may be built thus assuring minimum 
error. 
See Hodge and Siegel [47] for a discus- 
sion of the effects of measurement 
error. 
Maruyama [26] suggests that complex 
cybernetic systems are often deviation- 
amplifying rather than deviation-mini- 


308 


15 


16 


17 


18 


19 


20 
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22 


23 


24 


25 


26 


27 


mizing (negative feedback); we use 
synergy to mean that social systems will 
behave similarly on the whole, but pro- 
duce idiosyncratic variations according 
to cultural differences. 

See Shannon [83], pp 12-23; entropy is 
used here in the classical sense of 
information loss due to uncertainty. 

See Blalock [2], a discussion by Duncan, 
Haller, and Portes (pp 238-241); also | 
Hannan [31] and Halthauser [29]. 
Extended discussions of this point can 
be found in Simon [105], Toynbee [106], 
Buckley [18], Wiener [64] and Fuller 


CPE 


See Hillier and Lieberman, Introduction 
to Operations Research, p 16, for 


example. 

Herbert A. Simon. 
See Dyér, J.S., Interactive Goal Pro- 
gramming, Discussion Paper, Graduate 
School of Business Administration, UCLA 
(March 1971) for a good review. 

See Fuller [11][119]. Bare-maximum is 
further explained in Section 6.4. 

The best example of assigning attributes 
to cultures and societies is found in 
Banks and Textor, A Cross-cultural Sum- 
mary [38]. The countries are assigned 
labels by a systematic categorization 
based on research outside the model; 
whereas Banks dichotomized his vari- 
ables, a more useful ‘approach is to 
offer a range of attributes. 

For examples of scenario building, see 
de Jouvenal [10], Fuller [11], Raser 
[48], Boguslaw [49], Churchman [56], 
Simon [61], Hare [79], Naylor [78], 
Ofshe [86], Theobald [89], Bel1 [90], 
Rodwin [93], Helmer [22], Kahn [24]. 
The Delphi method is explained best by 
its creator, Olaf Helmer; application 
of the method can be found in Baran 
[110]. 

A summary of the various more commonly 
available simulation packages can be 
found in Gordon [82]. 

Available to the authors at the Columbia 
University Computer Center. 

For an appreciation of the language 
DYNAMO and its application in systems 
dynamics, refer to Forrester [7][8]; an 
extensive bibliography of projects 
using the methodology is available from 
the Sloan School of Management, MIT, 
Boston. 

See especially Rogers [1], Liu [20], 
Caplow [32, 33], Black [39], Barnett 
[51], and Nettl [57]; the difficulty in 
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33 


34 


si) 


constructing a dependent variable that 
is not innately measurable is discussed 
in Blalock [17], Rosenberg [23], Webb 
[58], and Bauer [58]. 

A discussion on computer simulation of 
the adoption process is offered in 
Wolpert [37], and the Rogers SINDI 
model [1]. 

The initial verification and analysis 
of the multiple regression was perform- 
ed using data from the ICPR [35], 

UNRISD [36], and the UN [73-77]; the 
useful variables were transferred to a 
master tape for further experimentation. 
Observations on approximately 60% of 
the systems variables are available for 
1950-1965, 

For further discussion, see Rogers [1], 
pp 68-92, and the extensive bibliography 
in the back of the book. Operational 
definitions of empathy, religiosity, 
cosmopolitiness, fatalism, and the rela- 
tionship to Lerner's model of modernisa- 
tion are discussed extensively. 

The concept of relative deprivation, 
used here and in other sectors, was 
developed by Samuel Stoffer et al. in 
The American Soldier (see Lazarsfeld 
[3], pp 414-418). 

An energy scenario claiming to increase 
the distribution effectiveness of 
energy by sharing inter-regional and 
inter-national energy grids was devel- 
oped by R. Buckminster Fuller's World 
Game group; it is available from them 
at Southern Illinois University, Carbon- 
dale, Illinois. The concept of energy 
slaves is mathematically equivalent to 
(Kilowatt Hours) (efficiency), where 
the multiplier is set at .004 by today's 
standards. See [119]. 

See Rodwin [93], pp 171-190, and 
Dyckman [94] for a discussion on chang- 
ing uses of the city. Planned communi- 
ties are used here in a 'total' sense, 
i.e. architectural and economic consi- 
derations are coupled with psychologi- 
cal, sociological, and anthropological 
concerns in a full interdisciplinary 
approach to building new cities, 

See Deutsch [13], Pye [14], and Liu 

[20] for further discussion; Liu pre- 
sents a powerful argument using China 
as a case study that communication and 
national integration are extremely 
interwoven in the process of moderniza- 
tion. 

See McQuail [109] and DeFleur [87]; the 
two-step flow means that information is 
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diffused first through an opinion- 
leader before it is generally heard of 
as accepted by the population. 

Rogers [1] describes the feedback loops 
between information diffusion and inno- 
vation; mass media exposure does not 
modify behavior as does explicit infor- 
mation seeking after the awareness and 
interest have been aroused. 

See Liu [20]; in China more than any- 
where else, most information about home, 
farming, health, and educational inno- 
vations originates as political educa- 
tion. 

The information overload multiplier 
expresses the mechanisms of selective 
perception, retention, and recall; see 
Davison in Dexter and White [111], 

pp 69-90. 


See Frederickson [112] and references; 
quality has been described in terms of 
low crude death rate, infant mortality, 
high life expectancy at birth, ratio of 
men's deaths to women's deaths, length 
and frequency of hospital visits, etc. 
See especially Deutsch, Nationalism and 
Social Communication [13] and Nerves of 
Government [12]; for a broader histori- 
cal perspective, see Innis [113, 114]. 
See Caplow [32, 33], Russett [34], Cut- 
right [41], McCrone [53], Lerner [44], 
and Neubauer [115]; political develop- 
ment has a tradition of being confound- 
ed with democratic development. 

See Myrdal, Beyond the Welfare State 
[96], pp 54-71 and preface. 

Caplow and Finsterbusch [32, 33]; a 
rank ordering on twenty series (such as 
newspapers, physicians, roads, tele- 
phones, energy, etc.) is established 
for 66 countries — the mean of the over- 
all series yields the country rank. 
Their rank is compared to other ranking 
scales (Bennet & Ginzburg [70], Cut- 
right [41], and Lipset [116]) with cor- 
relations >.85; correlation with the 
Ginzburg scale is .98. 

Lamprecht: "social souls', Spengler: 
‘spiritual unities', Meinecke: "mental 
communities', Sturzo: ‘collective 
personalities' from Deutsch, National- 
ism and Social Communication, pp 21-23. 
ICPR provides data on ELF compiled from 
the Atlas Norodov Mira [121]; informa- 
tion on linguistic fractionalization is 
available from Muller, Roberts, and the 
UN (see ICPR [35], pp 78-81). 

The actual formulation presented by 
David Lerner in Pye [14], p 333 is 
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Satisfaction = 


Achievement TEE 
—— NO Claim 15 
Aspiration 


made for either formulation with regards 
to empirical verification, although all 
three concepts seem readily measurable, 
hence testable. 


47 


See Bennet [117]. The ICPR provides 


data on income inequality for:(a) Fair- 
share, (b) Half-goods (size of the 
smallest population with half the goods, 
(c) Schultz coefficient, (d) Gini index. 
#8 The role of achievement orientation as 
an impetus to development is extensively 
described in Rogers, Modernization 
Among Peasants, pp 242-271. 
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Introduction 


Social complexity, the concept upon which 
this paper dwells, is a measure of organi- 
zation. Organization is ubiquitous in 
social life at every level of analysis 
from that of the role to that of an entire 
society — something that has been known 
for a rather long time, Until recently, 
however, there was no acceptable way to 


measure organization; but beginning with 
the work of Rothstein (1958) and Wiener 
(1948) it became increasingly clear that 
organization as a philosophical concept — 
independent of any application — had a 
definition and a mathematical representa- 
tion as sound and as elegant as mathematics 
itself [1]. It became possible to conceive 
of and measure differences in organization 
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in definable systems. One system can be 
‘more organized' than another in a consist- 
ent and quantitative way. 

‘More organization' in social systems 
has come to imply more capacity to get 
things done and vice versa. But capacity 
is not increased by increasing organization; 
rather it is the other way around; as one 
wag put it ‘you can't push on a string. 
More capacity implies more (and better) 
organization; but more organization may 
imply only bureaucratic paralysis. This 
asymmetry in the relationship between 
organization and the capacity it reflects 
is reified by defining two distinct but 
related universes of conceptualization. In 
one universe are all those phenomena and 
ideas determining the details of the 
capacity and functioning of an organization. 
This is the ‘real world' of organized sys- 
tems — the world which requires the 
invention and perfection of slick and 
efficient management systems in order to 
expand the capacity as the organization 
must do a better job or deal with a larger 
clientele, or as its social, economic, or 
political environment becomes more volatile. 
I call this universe the functional domain 
[27% 

Increased capacity implies increased 
organization and, therefore, paralleling 
(or isomorphic with) the functional domain 
I postulate another, more abstract world — 
one in which the detailed problems and 
techniques of the real world are absent. 

In this stark world one observes increases 
in measures of the level of organization 


of an organized activity in response to 
changes in the capacity of its functioning 
system, without having to know what the 
organized activity is or what its purposes 
are. I call this universe of thought the 
organizational domain — a more descriptive 
than prescriptive domain. 

A child takes a test in arithmetic. His 
capacity to execute this organized activity 
is measured by the speed with which he 
finishes the test and the number of mistakes 
he makes. His score — although revealing 
his capacity — does not help us to improve 
his performance; it only tells us that it 
can be improved. We need to know what 
problems he has difficulty with and what 
kinds of mistakes he tends to make in order 
to help him. His score belongs to my 
organizational domain; the detailed know- 
ledge required to help him belongs to the 
functional domain. 

The quality and level of social organiza- 
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tion in a society are important character- | 
istics of that society. The better organize 
society can meet its functional requisites 
— e.g. sustenance — with less effort. L 
Alternatively, the better organized society 
can meet larger demands with the same | 
effort. It is probably the more stable | 
society, the higher welfare society, the 
more organized society that can allow more 
freedom of individual activity. And the 
more organized (i.e. the more complex) the 
society, the more highly developed it is. 

A measure of social organization would 
be interesting in and of itself. Entropy, 
the basis of the measure used here, adds 
greater interest still in view of its 
history and its relation to measures of 
physical and environmental processes. 
Entropy was first developed to measure the 
degree of randomness of energy states in a 
gas as part of the theory of heat (thermo- 
statics and dynamics). This measure was 
later extended to many facets of physical 
and chemical science, "Statistical mecha- 
nics', a theory of organization and random- 
ness, largely distinct from any application, 
began to emerge around the turn of this 
century with the work of Gibbs (1948). By 
1940, the theory of organization was fully 
abstract and developments took an interest- 
ing turn. 

It was discovered that aspects of the 
communication of meaningful information 
could be reduced to measurable quantities. 
An aspect of the degree of organization of 
a signal in a telegraph wire was called by 
Nyquist (1924 & 1928), Hartley (1928), 
Shannon (1948), (all employees of the Bell 
Telephone Laboratories) and Wiener (1948) 
(of M.I.T.) the average level of ‘informa- 
tion' of the message and is the foundation 
of modern information theory (see Goldman, 
1953, and Gallager, 1968). 

Brillouin (1951 & 1962) showed that 
energy was required to maintain and/or 
generate information — thus linking the 
theory of organization to the theories of 
the physical universe. The aim of this 
paper is to show that there is an analogy 
to be made between physical and social sys- 
tems in this respect. The material and 
energetic flows through a society (the 
purview of economists and ecologists) are 
directly related to the flow of information 
and influence (the domain of cultural 
anthropologists, political scientists and 
sociologists). This point of view is often 
given as the defining characteristic of 
the subdiscipline sociologists call ‘human 


ecology'' (Hawley, 1950). 

Evans (1968) carried the analysis of 
energy flows a step further developing a 
 generalized measure of potential work. 
Evans' measure, called ‘'essergy'"' (the 
essence of energy), is the physical vari- 
able which corresponds to the measure of 
organization. The correspondence, in fact, 
is so tight that we can write an equation 
relating the level of organization of a 
whole society, the efficiency of its tech- 
nological culture and the amount of poten- 
tial work (in the physicists' meaning of 
the word) under social control [3]. These 
historical developments suggest that we 
may be on the verge of a powerful, unifying 
general theory. 


There are two major behavioral phenomena 
that the theory of organization (as 
presently constituted) predicts when 
applied to society: one is the marginal 
tendency #oward social organization, the 
other, a function of the distribution of 
social organization, is the political 
structure. The marginal tendency toward 
social organization, or simply 'the 
tendency to organize' is roughly defined 
as follows: each active socio-political 
system develops a life style — a facet of 
which is the degree to which new increments 
in organization are put in place as the 
system evolves, In more subjective terms: 
societies have varying tendencies to solve 
their problems by means of social organiza- 
tion [4]. The political structure of the 
social system is a quantity which approach- 
es infinity when the organization of 
society is that of a 'climax' or mature 
society and approaches zero as the society 
deviates from the climax distribution. 
Climax is an optimization concept; a 
society has achieved climax when it has 
maximum control over resources in trade for 
minimal restrictions on itself. Put another 
way the climax society has the strongest 
economy (maximum power over its environ- 
ment) for the weakest polity (minimal 
amount of social and political self-regula- 
tion). 


In this paper I shall present introduc- 
tions to, first, the organization concept, 
then to that of political structure. In 
each case, social implications are discus- 
sed, In concluding I explore the linkages 
between organization and energy as a basis 
for a social theory of man/environment 
interfaces. 


F 
Complexity is a measure of organization. À 
more complex social unit, e.g., role, role- 
set, group, organization, nation, etc., has 
more capacity to meet its goal or set of 
goals than a less complex one. But complex- 
ity as a measure of organization is not 
limited to goal-seeking behavior alone; 
one can employ complexity to measure as 
well the degree of organization in ritual 
behavior, expressive behavior, and so 
forth. 

In this section the concept of complexity 
is developed more or less logically from a 
consideration of the behavior evidenced by 
individual role/role occupant pairs, and 
then progresses forward again into the 
development of the complexity concept for 
a whole community. This section closes 
with a consideration from three separate 
points of view of whether there is an 
optimal level of complexity: first, I 
describe how, in a stable culture, complex- 
ity varies as the community approaches 
certain equilibria; secondly, I try to 
show that there exists an optimal tendency 
to organize and hence an optimum (maximum 
acceptable) rate of technological change 
given certain constraints; finally, I offer 
the proposition that increasing complexity 
will eventually lead to decreasing social 
welfare (regardless of the characteristics 
of the economic and other distribution 


systems) [5]. 


Patterns of behaviour 

The applicability of the organization con- 
cept in social theory rests at base on the 
patterns of human behaior. Patterns of 
behavior have long been recognized in 
psychology, anthropology, zoology, and 
ethology. In particular, ethology as 
practiced by the Munich group under Lorenz, 
has adopted the concept of the ethogram. 
The ethogram is any reasonable, consistent 
and exhaustive partitioning of behavior 
streams into sequences of discrete acts 
(Eibl-Eibesfeldt, 1970). In psychology, 
the Skinnerian behaviorists have come to a 
similar position, while Parsons' concept 
of the "unit social act'' (Parsons, 1951) 
among others are again similar. For the 
purposes of this study I refer to the units 
comprising the ethogram as unit social 
acts. The pattern of a sequence of unit 
social acts naturally emitted from humans 
arises from the standardized concatenation 
of social acts. That is, every individual 
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performing a given task will tend to 
select the same set of acts and in the 
same order as every other individual when 
faced with the same series of stimuli (in 
the same culture). It is common to refer 
to a task, so defined, as a social ‘role. 
Roles are most often given teleological 
definition. They are said to emerge as a 
result of mutually confirmed 'expectations' 
of behavior based on 'norms' and strength- 
ened by ‘sanctions! and ‘'rewards'. Thus one 
must be 'socialized' or taught the expected 
behavior and underlying norm (if necessary). 
However, from a purely behavioral point of 
view, such language is merely confusing if 
not obscure; roles are detectable behavior 
patterns or (for the behaviorist) they do 
not exist regardless. 

Pattern-partitioned or role behavior is 
a point of view that establishes the 
further social fact of the 'role-set'. 
Role-sets are groups of directly inter- 
linked roles occupied roughly simultane- 
ously by several distinct individuals, The 
man playing the role of the husband behaves 
toward the role of his wife (played by a 
woman) and the roles of his children, his 
dog, and the newspaper boy (all played by 
other individuals). That is, the execution 
of one role influences that of another. 
That one plays his role behaving toward 
someone establishes a trajectory of his 
behavior or an interaction channel tying 


his role to those of others. 

An individual in situ is both an object 
and a source of behavior; his fellows 
behave toward him and he towards them. 
Thus interaction channels may be divided 
into input channels and output channels. 
Individuals, then, may be viewed as systems 
receiving inputs (stimuli) and generating 
outputs (responses) both of which may be 
construed as behavior streams. The sources 
of stimuli might be divided roughly into 
those coming from the social system, those 
from the physical system, and those coming 
from the technological system. All have in 
common the fact that, by definition, they 
have stimulatory significance for behaving 
individuals. Similarly, the trajectory of 
some outputs is towards the physical 
environment (walking, gathering food) 
while for others the trajectory is toward 
the social environment (seeking recogni- 
tion, exercising power), and for still 
others toward the technological environment 
(driving a car, working in a factory). All 
behavior from wherever emanating involves 
the distortion and modulation of his 
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physical environment — the physical move- 
ment of physical things to achieve purposes 
(if he has purposes). It is this physical 
character of behavior that makes it pos- 
sible for us to notice and react to the 
behavior of others and that is the founda- 
tion for the scientific measurement of 
behavior underlying the study of organiza- 
tion. An exhaustive inventory of unit 
social acts should include stimuli from 

all sources and responses imbedded in all 
trajectories because all of them enter into 
the stream passing to or from an individual 
Such an inventory constitutes the kind of 
ethogram I require. 

That aspect of the ethogram which trans- 
ports us into the organizational domain is 
its statistical structure. Suppose the 
ethogram contained only two possible acts. 
A sample of the behavior in any interaction 
channel must perforce be composed of a 
sequence of acts in which only the two 
extant ones appear. The frequency of occur- 
rence of Act I might be 0.9 implying, of 
course, that that of Act II must be 0.1; 
an exhaustive set of events (e.g. the 
ethogram) and its associated probability 
distribution are called an ensemble. By 
the statistical structure of the ensemble 
I mean the frequency distribution (e.g., 
0.9, 0.1) or some measure of it-(e.g, "its 
variance). An ethogram and its distribution 
I shall refer to as the organizational cul- 
ture of an eco-social system or merely a 
culture for short [6]. 


Information and complexity 

The statistical structure of a behavioral 
sequence is not as arbitrary and stark a 
consideration as it may at first seem. It 
has been shown that for a sequence to carry 
meaning, influence, or function it must 
have one particular structural character- 
istic: information content [7]. 

Shannon (1948) was among the first to 
publish the relation between the communica- 
tive potential of a behavioral sequence 
(or sequence of symbols) and its statistica 
structure. Shannon's measure of statistical 
structure is called the information of the 
sequence. In the case of the two-act 
culture mentioned above, Shannon noticed 
that the occurrence of Act I was not at all 
surprising (in view of its occurrence 
frequency, 0.9). On the other hand, the 
occurrence of the rarer Act II (occurrence 
frequency, 0.1) is relatively unexpected 
and must, therefore, be a special occasion 


of sorts. On the basis of this intuitive 
observation Shannon concluded that the 
rarer event must signify either genuinely 
or potentially a greater amount of informa- 
tion. Thus, if a husband is told his wife 
has had a baby, he is not surprised in 
view of her long pregnancy; that is, the 
probability of her having a baby, taking 
into consideration her labor pains and 
hospitalization, must äppear to the husband 
as substantial — say 0.95, The doctor 
merely said what the husband expected him 
to say; the husband has been given very 
little information. If he is told his wife 
has had twins, he is bowled over (the 
probability of twins in American women is 
roughly 0.025). In other words, information, 
to be information, must be surprising or 
unexptected (in this technical sense) [8]. 
Shannon's measure of information applied 
to a unit sociäl act is, then, a function 
of the probability of occurrence of the 
act. For various reasons which need not 
concern jus here, Shannon selected as his 
function the negative of the logarithm of 
that probability. Hence, the information 
value of the rare Act II (probability of 
0.1) is 2.3 while the information value of 
the more common Act I (probability of 0.9) 
is only 0.1. The units of information 
developed by Shannon are dependent upon 
the base from which the logarithms are 
calculated; when the base is 2 the units 


are called bits, when the base is e (as it 
is here) the units are called nits, when 
the base is arbitrary the units are called 
kits. These strange and mysterious units 
of measure have troubled many critics of 
the theory. Von Neumann is reported to have 
urged Shannon not to call his measure 
“Minformation'' partially because the units 
don't make much sense, As we shall see, 
some of this obscurity is cleared away by 
the complexity measure. 

Shannon took a further step and calcula- 
ted the average or 'expected' information 
value of a long sequence of acts. The 
expectation of a set of information values 
is determined by multiplying each value by 
the occurrence probability of its under- 
lying act and summing. Thus, for the two- 
act culture discussed above we have 


0 An 00.lu+r 0,9 1n 0.9} 
= {0.1(2:3) + 0.9(0.1)} 
0.3 nits [9] 


In other words, the two-act ethogram with 


a probability distribution of 0.9, 0.1 is 
capable of carrying 0.3 units (in nits) of 
information. [10] 

After Shannon had constructed his defini- 
tional structure, it was noticed (by Von 
Neumann, I believe) that his labors had 
resulted in a mathematical expression 
exactly the same as that used to define 
entropy in physical systems. It was this 
similarity that attracted Brillouin, 
Trybus, and others later on to formulate 
the theory of the relationship between 
energetic entropy and information. 

Shannon then considered a system which 
is stimulated by a stream of acts burdened 
with information and which responds to 
that stimulus by producing as output 
another stream of behavior also character- 
ized by an information carrying potential 
(Shannon's ‘''channel'')., I define those 
individuals who produce more information 
than they receive as 'creative'; those 
that do not as "dependent! [11]. In actu- 
ality we might argue that every social 
actor is subject to anomie, error and 
other dependent influences as well as to 
creative and imaginative impulses. If these 
latter impulses predominate, the individual 
will be creative; whereas if the disfunc- 
tional influences are most prominent he 
will be dependent. Moreover, many institu- 
tional role-statuses do not permit much 
creativity — sorting mail, for example — 
and hence are, by definition, dependent or, 
at best, neutral. 

The degree of dependence or the level of 
creativity (where it exists) are obvious 
indicators of the merit of the system of 
an individual role occupant and his role 
together. À single and consistent metric 
can be developed which measures this figure 
of individual merit; I call this measure 
the complexity of the individual role/role 
occupant pair. In brief, complexity is 
related to the information content of an 
actor's stimulating inputs corrected for 
his tendency toward dependency and/or 
creativity. Since this measure takes into 
account the stimuli (largely a function of 
the role) and the characteristics of the 
respondent (largely a function of the role- 
occupant), it is a measure of merit of 
both the role and its occupant. The measure 
is set up so that a highly complex role/ 
role-occupant pair is less dependent than 
a simple one (either creative or neutral). 
Moreover, a greatly complex pair may 
derive its complexity from either a demand- 
ing role or an excelling occupant or both. 
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In the notation I have adopted H(X) is 
the information value of the stimulus 
stream, and AÆ(X|Y) is that of the stimulus 
conditioned on the response or the depend- 
ence of the role occupant. [12] The com- 
plexity of the role/role-occupant pair is, 
in general, given by 


A(X) 


CUT) Te Gr SR 


(1) 


where T is a measure of the rate of pro- 
cessing per unit time [13]. Because com- 
plexity is equal to the ratio of two infor- 
mation quantities, the information units 
(bits, nits, or kits) cancel out leaving a 
measure given in terms of a processing 

rate or ‘flux! (as I shall call it), per 
unit time. 

Equation 1 obscures a very important 
aspect of the complexity definition when 
both creative and dependent characteristics 
are present. Creative systems cannot, 
according to Shannon's theory, exist; the 
theorem which proves this point is called 
the Data Processing Theorem (see Gallager, 
1968, p 80) which rests upon the notion 
that IZ(X;:Y) must always be positive and 
has an upper bound of Æ(X). This theorem 
is essentially a ‘conservation of informa- 
tion' law which requires, for example, 
that the information content at the output 
of a computer cannot exceed that of the 
input (e.g., "garbage in, garbage out'}). I 
find this law intuitively unsatisfying when 
dealing with human beïings; humans do, it 
seems to me, have a capability for invent- 
ion and innovation in a way computers do 
not. However, the proof of Shannon's 
conservation law rests upon the axioms of 
probability theory — specifically the fact 
that probabilities are always positive. 

To escape from Shannon's conservation 
law and to replace it with a more general 
and flexible one, I have defined these 
genuinely new events (events with no 
historical precedent) to have probabilities 
of occurrence that are negative. If the 
conservation law is stated as 


0 < I(X:Y) = H(X) -H(X|Y) < H(X) (2) 


then it is clear that I(X;Y) can exceed 
H(X) only if A(X|Y) is negative. Obviously 
we can drive A(X|Y) negative by introducing 
negative probabilities into its calcula- 
tion. [14] 

In view of the fact that I have been 
unable to find precedent for the use of 
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negatively signed probabilities, I have 
appended to this paper a short explanation 
of them (Appendix A) where I call them 
‘latent probabilities'. I should note that 
when using both negative and positive 
probabilities in the calculation of com- 
plexity it is desirable to calculate them 
separately as discussed in the next section. 


The conservation and deterioration of complexity 1 

No theory can be successfully explanatory 
or formally sound without a conservation 
law, and the fact that I have escaped from 
one such law means I must posit another. 
Shannon's law rested upon the fact that the 
ethogram of traditional behaviors must be 
exhaustive and the probability space asso- 
ciated with it must have unit mass (i.e., 
sum to unity). The law I propose rests 
upon the condition that the summed (abso- 
lute) value of the probabilities of 
creative or, as I call them, latent 
behaviors must also be to unity. A philo- 
sophical difficulty arises when it becomes 
necessary to operationally define the 
(negative) occurrence probabilitiy of a 
new event — an event which, by definition, 
cannot be anticipated. This difficulty may 
be overcome, as described in Appendix A, 
by a form of 'monday morning quarterback- 
ing' in which I conclude that the probabi- 
lity of an event may only be estimated 
after the event is known to have occurred; 
latent probabilities, that is, may only be 
assigned a posteriori. 

Essentially the philosophic advantage 
accruing from the use of positively and 
negatively signed probabilities together 
is that there are thereby created two 
separate event spaces both of unit 
probability mass. The fact that I give to 
these separate masses opposite signs may 
be roughly thought of as a convenience. 
Thus, when generating output or accepting 
input, a role/role-occupant pair may draw 
upon either event space. In general, cul- 
tural change shall be modeled as a trans- 
fer of an event or events from the latent 
(negatively signed) to the actual (positi- 
vely signed) space (creativity) or from 
the actual to the latent (cultural fatigue), 
If the probability distributions across the 
latent and actual spaces are deemed to have 
information values (i.e., statistical 
structure), the conservation rule stipula- 
tes that the sum of their absolute values 
remains constant as elements and/or events 
are exchanged back and forth across the 


boundary between the two spaces. 

If one is calculating the information 
values in the actual and latent subculture 
of an operational role/role-occupant pair 
for a given point in time (say, t=1), it 
is necessary to observe the pair over a 
sufficiently long time period extending in 
both temporal directions away from that 
point (#=1). The ‘historical! observations 
are required to establish the events (and 
their frequencies) assignable to the actual 
space; the 'future' observations are simi- 
larly required to establish the latent 
space. 

As a practical matter, the scientist 
must station himself at the end of the 
future period (where #-T) in order to col- 
lect these data. Once they are collected, 
however, he may formally state the conser- 
vation rule as follows: let 


X*|;2 => {xT, COR ... 3 Th} 
and Ur 
lé = x, L » .. LT) 


be the set of actual and latent events 
(respectively) at the beginning of a time 
period T (i.e., t=1). It is assumed that 

at the end of T (i.e., t=-T) all events are 
known and X- is null. Let P(x*t) and P(x-) 
be the respective probability measures, 
Operationally, P(xt) is determinable by 
means of the frequency count method while 
P(x°) is not. Additionally both P(x*) and 
P(x-) are expected to change as & progres- 
ses from 1 to T; thus I emphasize that here 
I am only attempting to define these 
probability measures for the specified time 
point #=1. Now define 


n 
= 2 P(xi)ln(P(xi)]  (G) 


APE") = 
12=] 
and Ê 
m 
A[P(X-)} = - 2 P(x=)In[P(G&)] (4) 
j=1 


and define 
H(X) = A[P(X*)] - A[P(X)] (5) 
where it is known that 
0 < A[P(X*)] < Inn) * 7 
O < -A[P(X )] < 1n(m) 


and, therefore, that 


O < H(X) < Inn) + In(m) = in(rmm) (7) 


Thus, it can be seen that a key constraint 


.implied by the assumption of conservation 


is that the distribution P(X") be picked 

in such a way that A(X) can never achieve 

In(nm) but remains bounded by 1n(n#m). 
[Note that 


lim n = n| #21 ra m|4=1 
TT 

lim m = 0 

t>T 


(8)] 


Thus, the conservation rule sets limits on 
either or both Æ*(X) and Æ7(X) different 
from their a priori extrema so that in the 
general case 


HG) |g2r = 4 | #21 (9) 


In practical cases it is not necessary 
to pick a P(X-) since Eq.(5) defines A(X) 
and by implication A[P(X-)] sufficiently. 
Moreover, picking a consistent P(X") is a 
job of considerable difficulty (though 
possible [15]) especially when the number 
of elements in À” is large. 

I must also clarify the definition of 
A(X|Y) under the conservation rule. The 
function A(X|Y) rests upon the theory of 
conditioned probabilities which I argue is 
not changed by the postulation of negative 
probabilities; that is, I do not admit a 
negatively signed conditional probability 
to the currently useful version of the 
theory. Thus, if we define, as usual, 


P(a b) 


P(a|b) PO) 


(10) 


and both «a and b are actual, then P(a|lb) 

is positive. If both a and b are latent, 

P(alb) is again positive. Further, since 

a and b are disjoint, if «a is latent and 

b actual, it follows that P(a|b) = 0 for 

any latent «a and actual b or vice versa. 

Thus, there exists, under these rules, no 

negative conditional probabilities, 

Finally, joint probabilities may exist in 

either the latent or actual spaces with 

the usual meaning but interspace joints 

are by definition zero (see Appendix A). 
Thus, let us model the role/role-occupant 

pair as a matrix of conditional probabili- 

ties generating an output state probability 

vector P(Y) from an input state probability 

vector P(X) and a matrix of transition 

probabilities P(X|Y) so that by the rules 
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of matrix multiplication and Bayes' 
theorem, 

P(X|Y) P()L= PCT) (11) 
Hence, if P(X*) = {P(xT) ,P(x5),...,P(x5)} 
and P(X7) = {P(x1) ,P(x,),...,P(x)} are 
column vectors and we define the concaten- 
ated column vector P(X) = {P(Xt), P(X-)} a 
role/role-occupant pair accepts the vector 
P(X) as input. Note that the input thus 
contains probabilities for all actual 
behaviors as well as probabilities for all 
latent behaviors (or at least those that 
will occur during a certain delimited 
future). 

By virtue of the foregoing discussion of 
conditional probabilities and the construc- 
tion of the input and output state proba- 
bility vectors in columnar form, the 
transition matrix must appear as 


PGI 0 


where all cells {P(X*|Y*)} and {P(X-|7-)} 
are positive, all columns sum to positive 
unity, and all interspace conditionals 
(lower left and upper right quadrants) are 
zero. 

With this brief background it is possible 
to discuss some details of the construction 


of A(X|Y). The conditional entropy function 
may be defined as 


H(X|Y) = - 2 r4 ) P(x.ly.) 1nP(x.|y.) 
if d T9 dr) 
S 
(13) 
Thus, for all actual probabilities 
H(X*|Y*) is positive [since both P(Y*) and 
P(X*|Y*) are positive] while for all latent 
probabilities H(X-|Y-) is negative [since 
P(X°|Y7) is positive but P(Y°) is negative]. 
Hence, I define 


A(X|») = 4A(X* |) - #77) (14) 


Again I will apply a conservation rule 
to assert that A(X|Y) remains constant 
over a time period of acceptable duration 
(and assuming our point of view is from 
the end of the time period). Since A(X|Y) 
is a function only of the capability of 
the role occupant (not of his role) this 
second conservation principle is an empiri- 
cal behavioral hypothesis testable via 
some standardized test. 

The conservation of Æ(X) and A(X|Y) 
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together imply the conservation of complex- 
ity (as represented in Eq.l1), if it is 
assumed that the processing rate T remains 
constant as well (see Fig.1l). 


PR M œ | 
CUP er . 
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Fig.1 The conservation of complexity (data collection period is from 
—T to +T) 


Interactions, communities and the orgon 


People behave toward something (object or 
other person or group). Similarly, the 
stimulating behavior impinging on an 
individual's receptors must come from 
something. If the trajectory of behavior 
is traced it forms an interaction channel 
leading, in a simple case, to another 
role/role-occupant pair or the physical 
environment. By following the trajectories 
of behavior from one role/role-occupant 
pair to another, a sociogramatic map (or 
graph) of society is constructed. When a 
society is completely mapped every traj- 
ectory is represented as an interaction 
channel and every target is included as an 
active element (a role/role-occupant pair, 
a machine, an environmental process, etc.) 
[16]. For any real society such a graph 
would, of course, be exceptionally intri- 
cate: 

I reserve the phrase 'eco-social system! 
to mean the entire map of all interactive 
processes, Most of the discussion in this 
paper relates to eco-social systems. I 
further reserve the word "society! to mean 
that subset of active elements (including 
their mutual interaction channels and sub- 
culture) which are human role/role- 
occupant pairs. Similarly, the technology 
is that subset of active elements (with 
their sub-culture and interactions) which 
consist of non-human man-made devices 
mediating between human outputs and their 
target elements or vice versa. Finally, 
the ‘physical environment! consists of 
those active elements (and their sub- ; 
culture and interactions) which are neither 
human nor man-made. Figure 2 illustrates a 
map of, say, the technology; note that the 


analytic partitioning of eco-social systems 


into society, technology, and environment 
Will, in any map of a partition, leave the 
targets of some trajectories undefined. 
This incomplete definition implies a per- 
meable boundary. An eco-social system has, 
in principle, ta séaled boundary; that is, 
it is incomplete. 

The simplest, and most abstract, eco- 
social system imaginable would consist of 
a single active element and a single 
trajectory — an interaction channel carry- 
. ing output behavior directly back to the 
input receptors of the same element. This 
abstract system is complete: it contains 
an active element, a closed set of inter- 
action channels, and a complete ethogram. 
These three items are, for example, 
sufficient to constitute the complete set 
of artifacts of sociology: i.e., status- 
role systems (active elements) social 
structures (interaction maps) and culture 
(an ethogram of unit social acts). Com- 
plexities studies of eco-social systems 
require that an eco-social model be com- 
plete (no missing interaction channels, no 
interaction channels without active ele- 
ments at both ends, no 'acts' missing from 
the ethogram). The simplest complete system 
(Fig.2b) is called an orgon [17]. 

The orgon is an analytic concept includ- 
ing the ethogram, the active element of 
elements, and a single interactive loop. 
Societies are composed of orgons, and these 
in turn may be composed of orgons and so 
forth. The orgon is the basic building 
block of complete social organizations. 


€, 
AS 


A. Fig.2 A sociogramatic graph of (A) a 
portion of a large eco-social system, 
and (B) the simplest social unit, the 
orgon. The dashed line in A circum- 
scribes a more complex orgon in situ 


Steady state societies 


It is possible with the proper notational 
system and a few relatively unobnoxious 
assumptions to describe how to calculate 
the complexity of an entire society as if 
it were a single orgon. The most serious 
objection to this approach is that the 


data requirements are inordinate. What is 
needed is a formula for estimating the 
complexity of a whole society by some 


‘sampling procedure; the complexity of the 


whole must be represented in terms of the 
complexity of the parts (orgons). 

This seemingly simple problem turns out 
to be mathematically quite complicated. 
Moreover, the complexity of a system cannot, 
in general, be determined from the complex- 
ity of its parts in a simple way. Nonethe- 
less, my search for this equation has 
yielded quite a large amount of interesting 
and useful knowledge about complex systems 
and at least one set of special, though 
useful, circumstances under which such an 
equation can be found. These special cir- 
cumstances are a set of assumptions which 
Iteallräansteadyastatelhnsociétyauit isyto 
those assumptions I now turn. 

A society is operating at a steady state 
if it has an unchanging organizational 
culture, Thus, an adequate sample of the 
culture will yield the same culture now 
and next year and the year after and so 
forth; that is, the culture (the ethogram 
and its distribution) is invariant with 
respect to time. It is possible to develop 
two distinctly different social models 
which have this steady state character: 
the first, obviously enough, is the tradi- 
tional society, the second, is a form of 
what has been called the 'post-industrial 
state' and which I call 'post-modern 
society". Neither traditional nor post- 
modern society (or their models) is free 
of change; it is merely that the character 
of that change is one of substitution 
rather than expansion. 

The concept of a steady state society 
may seem at first a rather rigid and 
unrealistic one. There is some truth in 
that allegation but there is a certain 
amount of flexibility in the concept as 
well. For example, in the final analysis I 
only require that the society as a whole 
be operating at a steady state; sectors or 
sub-systems of the society could be under- 
going substantial secular change — without 
perturbing the whole society from its 
SteadyiState.NThatris, 1futhessociety;1s 
operating at steady state, the question of 
whether some, any or all partitions of it 
exhibit steady states as well is interest- 
ing but extraneous; this latter mentioned 
question is essentially the question of 
whether the stability of society is con- 
served under decomposition. Reduced to its 
simplest form then, a society exhibits a 
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steady state if it satisfies the basic 
equilibria of structural-functionalist 
theory (i.e., if all its requisite func- 
tions are operating optimally). 

The formal representation of a steady 
state society I employ is a generalized 
Markov model. Thus, if we measure the input 
to an active element as a probability (or 
vector of probabilities) P(X) and its out- 
put probability (or vector of probabili- 
ties) as P(Y), then the element, itself, 
must be modeled as some transformation T 
such that 


NBC) ASE) (15) 


The transformation may be something quite 
complex including memory, creativity, and 
the capability to receive myriads of dif- 
ferent quantities and qualities of inputs 
in the act of producing its output. Such a 
transformation has a steady state if the 
statistical distribution of its output 
eventually approaches that of its input. 

For example, consider a primitive role/ 
role-occupant pair subjected to only two 
different input stimuli: periodical hunger 
pangs and periodical ingestions of food. 
One stimulus stems from the (personal) 
biological environment, the other from the 
non-personal environment around the occu- 
pant. Similarly, our fellow responds to 
these stimuli, after a suitable time lag, 
with a response: to hunger pangs he 
responds with a food gathering activity of 
some sort, to food ingestion he responds 
by moving into a state of satiation. 

Let us now designate these input and 
output events by suitable names and parti- 
tion the input and output behavior streams 
into unit social acts (or states) accord- 
ingly. Now we sample the partitioned 
streams noting the frequency of occurrence 
of each unit act. We discover the fellow 
to be gluttonous — eating many meals and 
feeling hunger pangs only seldom: the 
frequency of occurrence of food ingestion 
turns out to be 0.6 while that of the 
hunger pang is 0.4. Our glutton will be 
characterized by steady-state behavior if 
that distribution of input probabilities 
produces the same distribution of output 
probabilities: that is, if he is charac- 
terized by a satiation state over 60% of 
his behavior and a food gathering state 
for the remaïinder. 

The most important theoretical conclu- 
sion to be drawn from the Markovian mathe- 
matical representation of steady states, 
however, is that there exists an equili- 
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brating force, a tendency to return to the 
steady state if for any reason the behavior 
distribution (at either input or output) 

is perturbed. For example, suppose after a 
series of analyses of his steady state 


behavior it is determined that his internal, 


transformations of food into satiation and 
hunger into food gathering approximate the 
following linear regression model: 


0.6 
P(X) = e Ê P(Y) = 04 
0:62... 0:57 (16) 
PIX) = 638 +) 0144 


This means that the probability of satia- 


tion given food ingestion is 0.62 while 
that of satiation following a hunber pang 
is 0.57 and similarly that of food gather- 
ing given food ingestion is 0.38 while that 
of food gathering given a hunger pang is 
0.43. This hypothetical set of data does 
in fact fit the steady state criterion as 
a simple matrix algebra calculation will 
reveal. 

Suppose now that our glutton has a bad 
day and miscalculates the amount of food 


he must gather in order to eat as often as 
he is accustomed to. Hence, let us sample 
his behavior and find the ratio between 


eating and hunger pangs to be 30/70 rather 
than the accustomed 60/40. Assuming his 
character to be constant [as given by 


P(X|Y)] a 30/70 ratio at the input will 
produce a ratio of 0.585/0.415 at output. 
That is, the frequency of his food gather- 


ing behavior will rise somewhat (from 
0.400 to 0.415) while that of his satiation 
state will fall (from 0.600 to 0.585). If 


we assume a positive (and in this case 


linear) and one-to-one relation between the 
frequency of food gathering and that of 
eating behavior (e.g., picking one apple 
allows him to eat one apple) then he will 


be able to eat more due to the rise in 


food gathering activity. Assuming, then, 


he is now able to eat more frequently 


(583% of his behavior instead of the 
previous 30% of his behavior), he will, in 
turn, achieve satiation more frequently 
(nearly 60% of his behavior — his steady 
state — rather than 583% as previously). 

In this example, I have postulated an 
active element in which the state vector 
(the input or output vector) is continually 
circulated about a simple orgon (see 
Fig.2b). The mathematical effect of this 
is to put the state vector through the 
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transformation (e.g., multiply it by the 
transformation) an infinite number of 
times. Thus, if P(X) is the input vector, 
the first transformation generates an 
output vector represented by P(X|Y){P(X)}, 
the second transformation generates an 
output vector of 

P(XIM{P(X|MP(M)} = P(X|Y)2P(X), the third 
P(XIY) $P(X) and so forth or, in general, 
P(X|Y)" as n+, If the limit exists, 


lim P(X|Y)"P(X) = P(X.) (17) 
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where P(X$) is the steady state vector. 

Thus, if the Markov process is allowed 
to run long enough it will always approach 
the steady state no matter what initial 
condition is chosen. This tendency toward 
a steady state, if present, is an empirical 
(and testable) characteristic of the active 
element alone. 

With regard to the applicability of this 
Markovianism to real eco-social systems, 
the fact that such systems consist of 
orgons (i.e., circular paths) is obviously 
critical in achieving a steady state. If 
no cultural, structural, active element or 
other changes ever occurred in a particular 
eco-social system it seems to me that the 
mere fact of its existence would imply it 
was operating under a. steady state or, at 
least, converging to one. In practice, 
however, societies do undergo considerable 
change and the acceptability of the model 
depends upon imputing a steady state off 
in the future, It is then sufficient to 
show that the convergence of the model is 
isomorphic with the observed changes in 
the eco-social system. My view of change 
is that it consists of three basic types — 
two of which are 

1. Convergence to or divergence from the 
steady state. 

2. À change in the steady state (from 
steady state 1 to steady state 2 — 
e.g. creativity). 

3. Certain changes that are in principle 
neutral with regard to the steady 
state [17a] 

all of which are common in real eco-social 
systems. It is, of course, the type 2 
change that may make the steady state 
model problematic. 


Complexity in steady state 

If an eco-social system has the potential 
to operate at a steady state — whether or 
not it is actually so operating — two 


powerful and suggestive theorems about its 
complexity can be derived. The first 
theorem, the composition theorem, states 
that the complexity of the system operating 
at steady state is determined by the com- 
plexities of its orgons and two other 
structural variables, its integration and 
mobilization., The second theorem, the 
equilibrium process theorem, states that 
the complexity of a society rises to (the 
neighborhood of) a finite maximum value as 
the system approaches its steady state 
condition, 


The composition theorem 


It can be shown that the reciprocal of a 
society's complexity is given by the sum 
of the reciprocals of the complexities of 
its orgons. An orgon, recall, is a closed 
loop of elements linked in interaction. 
The theorem is derived from the fact that 
(for steady state systems only): 


| —— (18) 


where there are L orgons in the whole eco- 
social structure. 

In a famous result from mathematical 
graph theory, there resides a technique 
for determining the number of loops (i.e. 
orgons) in a network. It is known that the 
number of loops in a network is given by 
its ‘circuit rank' (see Ore, 1962), 


GeP(1/2;1S-"1) (19) 


where P is the number of active elements 

in the system (its 'mobilization' under my 
definition of the word) and Z is the num- 
ber of interaction channels impinging on 
the average such element (the ‘integration! 
per element in my terms). Thus the complex- 
ity of the whole eco-social system is 
determined by its level of mobilization, 
its level of integration and the mean 

level of the reciprocal of ECO /EGX|P 
for all Z of its orgons: 


M=NpiP(L2 pe 10] ? tt (20) 


where Co = A(X|Y) 2 /H() pe 


The process theorem 

Equation (20), the composition theorem, 
can be shown to apply only when the ele- 
ments of the eco-social system are opera- 
ting in the neighborhood of their steady 
state. À second theorem, the process theo- 
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rem, derives from the fact that complexity 
is reduced when the system's elements are 
not operating in that neïighborhood. It is 
because of the tendency for operating 
Markovian models to process toward their 
steady state that I call this theorem the 
process theorem. It states that the system, 
if it is Markovian, will tend to process 
toward some maximum complexity (other 
things remaining constant). 


Speculations from the theora 


To date I have developed several specula- 
tive interpretations of the composition 
and process theora that deserve some men- 
tion. 


The composition theorem interpreted 


There are several social variables with 
which complexity shares some variance. The 
first and most obvious group of correlates 
are those included in Eq.(20), particularly 
mobilization and integration. If mobiliza- 
tion and integration could be increased 
without affecting any other social charac- 
teristics then increases in either one or 
both would reduce the complexity of the 
society. In effect, this is what happens 
in traditional societies undergoing rapid 
population growth. Using the capacity 
interpretation of complexity, a rapidly 
increasing population base unaccompanied 
by other changes is clearly very likely to 
undermine the capacity of the society to 
supply welfare,. 

In a more hopeful course of events I 
would expect integration and mobilization 
to be increasing in association with other 
changes. Thus, a differentiation and 
specialization of labor would increase P 
and Z but at the same time increase the 
economic efficiency. Efficiency improvement 
would be reflected in a higher value of t 
and a Jower value for Cp. Under the best 
circumstances these efficiency increases 
would overcome any effect toward lower 
complexity. 

The above speculations lead me to hypo- 
thesize that among countries in, say, the 
lowest quadril of per capita income we 
wou!d find a negative correlation between 
conplexity and mobilization, while among 
countries in the highest quadril we would 
find the same correlations to be less 
negative. 

The point is that there are probably 
many correlates of complexity but that the 
correlations depend upon the developmental 
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state of the sample used to calculate them 
An important illustration of this point 
derives from a theory of welfare in which 
I hypothesize that the welfare returned | 
from increases in complexity exhibit a 
marginal-decreasing-returns effect (see 4 
Fig.3). This hypothesis is an extrapolation: 
from the work of the American economist, 

Ann Carter (1966), who showed that the 
increasing interdependency of the U.S. 
economy was increasing the cost of produ- 
cing the country's gross national product. 
Thus ïincrements in complexity produce 

larger increments in welfare for developing 
countries (point C1 in Fig.3) than for 
developed countries (point C). Eventually, 
increasing complexity becomes disfunctional 
with respect to welfare (point C3). 


Welfare 


Complexity 


Fig.3 


The process theorem interpreted 


The process theorem, in its pure form (I 
have not yet formulated it generally), 
assumes that mobilization and integration 
remain constant. The theorem examines what 
might be called ‘"natural' changes in 
A(X)/A(X|Y) as the system re-equilibrates 
itself. Let us suppose that into a steady 
state system we introduce some new behav- 
ior form (i.e. creativity), thus changing 
the steady state, The system must now seek 
to achieve its new steady state. The number 
of possible scenarios of this type are 
many; suppose, however, for illustration 
that the new steady state has a higher 
complexity than the old but that the old 
is sufficiently distant from the new to 
reduce the system's complexity signifi- 
cantly below the old maximum (see Fig.4). 


time 


Fig.4 


Because the rate tT is finite, adjustment 
to the higher level complexity requires 
time. Therefore, there are what I call 
short run dynamic losses to complexity in 
conjunction with this type of social 
change (see the shaded area a in Fig.4) 
event though the change is functional in 
that it increases complexity (and hence 
capacity) in the long run. 

These dynamic losses are, in effect, 
‘amortized' by the long run gains to com- 
plexity beginning sometime during the 
period of adjustments (time t = 4 in 
Fig.4). Amortization is finally completed 
when the dynamic gains (the shaded area, b, 
in Fig.4) equal the dynamic losses (at 
time t = 6 in Fig.4). This kind of analysis 
defines, it seems to me, a natural ‘dis- 
count rate' for social change and provides 
a generalised form of cost-benefit analysis 
that could be applied to assessing almost 
any technological or culture change. 

If we CATTY this example one step further 
and introduce another techno-cultural 
change into the system at time t = 3 (in 
Fig.4) it is possible to drive the complex- 
ity even lower. If a whole series of 
changes are introduced it may be possible 
to drive the system's complexity to zero 
(see the dashed line in Fig.4) where I 
interpret zero complexity (and, hence, 
capacity) to imply total anomie. Clearly 
the possibility of this kind of ‘future 
shock' implies that there is a maximum 
acceptable rate of change (when it is of 
this functional, but debilitating type) if 
societal capacity is to be maintained, 

At this point in my exploration of the 
implications of the process theorem it 
appears that there is some difference 
between the maximum complexity state and 
the steady state. That is, in general the 
complexity of the steady state is within 
a few percentage points of the maximum but 
is generally below it. Thus I have stated 
the theorem in terms of complexity rising 
to the neighborhood of its maximum as the 
element processes to its steady state. It 
also appears that these percentage points 
of difference may, in a real system, have 
important implications. The complexity 
(and therefore the capacity) of a steady 
state system may be increased by holding 
the system slightly away from its steady 
state. Thus a supervisor can get more out 
of his employee by regulating his input of 
work away from its 'natural' composition. 
However, this kind of activity will create 
an unresolvable 'tension' between the 


regulating and the regulated element. In 
other words, there is always an opening 
for functionally useful regulation but 
there is also a natural social force 
resisting that regulation. Even steady 
states are precarious (see Fig.5). 


Fig.5 Complexity variations due to changes in the distribution of 
input in four active elements. Note that the steady state distribution 
(circled) occurs near but not always at the maximum complexity point 
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It is conceivable that the portion of a 
whole society's complexity due to the 
resolution of the conflict between the 
opportunity for regulation and the resist- 
ance to it could exceed several tens of 
percentage points. As a speculative matter, 
then, it might be very important indeed to 
explore just how important this factor is 
in real societies. For example, can we 
reformulate the heretofore intuitively 
conceptualized capacity differences 
between the dictatorial and democratic 
organizational forms in these terms, 

As a crude generalization, it also 
appears that the scope for improving com- 
plexity by driving a society away from its 
steady state depends upon the complexities 
of individual elements. With very complex 
elements the scope for improvement is very 
high. Thus assuming complexity a develop- 
mental measure, there is greater scope for 
productive regulation in more highly 
developed societies. 

Fuller development of these ideas, 
however, will have to await a more complete 
exposition of the process theorem. 


TT: 
The control mechanisms of society are of 
basic concern to political scientists. 
There has developed, particularly since 
Easton, a tendency to refer to these 
mechanisms as a "political system'. This 
is, however, a conceptual error for 
‘political interactions! as Easton termed 
them, are not in any way distinguishable 
from any other kind of interaction; 
whether an interactive process is viewed 
as a controlling or a controlled process 
is only a matter of arbitration. Easton, 
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either wittingly or unwittingly recognized 
the same fact. 

In order to define the essence of poli- 
tics on the atomistic level, Easton had to 
include concepts and facts derived from 
his study of the systemic level. Thus, he 
wrote: 

",,...what distinguishes political inter- 

actions from all other kinds of social 

interactions is that they are predomin- 

antly oriented toward the authoritative 

allocation of values for a society.''[18] 
It is the fact of the system (via one of 
its functions: allocation) that defines 
the atomistic political interaction. In a 
real sense, however, every interaction in 
the system is "'political' under Easton's 
definition. 

Easton's error was not in his understand- 
ing of the essence of politics, but rather 
in his attempt to conceptualize a 'politi- 
cal system! that has, somehow, a different 
content than the general social system. 
The object of inquiry in political theory 
is not a ‘system of behavior' as Easton 
argues but rather its organization. For it 
is the way the system is structured that 
brings into existence the allocative func- 
tion; I call this structural form the 
political design imposed on a social sys- 
tem. 

The political design is a manifestation 
of the fact of social control and no 
society can be without it. In general 
terms then, the question political science 
poses here is: in what way must orgons be 
arranged so that taken together, they can 
constitute a society? 


Control and regulation 


Conant (1969) stipulates that- control is a 
regulatory process involving 
1. An active element in the role of a 
regulator, and 
2. Another active element that is regu- 
lated, plus 
3. À suitably defined environment. 
The regulatory process is said to occcur 
when the output, Z, of the regulated ele- 
ment is completely determined by its 
stimuli, S, from the environment and its 
input, À, from the regulator (see Fig.6). 
As Conant puts it 
",,...the regulator tries to get its own 
way in an outcome of which it is only 
one of the determining factors." 
Thus the outcome Z is a function of À and 
S such that at any particular time 
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&(S,R) = Z, An important limitation Conant 
places on his analysis is that $ is not 
affected by R (i.e. regulation is not a 
game). 

R's success must, therefore, be measured 
by the degree to which it is able to 
suppress deviant values in the outcome 
sequence Z. Conant then notes that 

"We have stipulated above that S is not 

affected by À, which implies that the 

distribution of S, P(S), is independent 
of the behavior of À. With P(S) given, 

the conditional distribution P(R|S) con- 
trols P(S,R), and consequently P(Z) and 

the entropy Æ(Z)." 

In essence, all Conant has done is to 
partition the bundle of inputs to an active 
element into two groups: a regulatory 
group and a residual (the environment), 
His specification of one way influence 
(S affects R but not vice versa) could in 
fact be lifted if a second regulator were 
posited. In any case the relativistic 
nature of regulation is such that À and S 
are opponents and the designation of one 
of them as the regulator is arbitrary. 

The important finding of Conant is that 
the power of the regulator to regulate is 
limited by its channel capacity, that is, 
by its complexity. Conant proved this 
result for a particular kind of regulation 
in which the object of the regulator was 
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to reduce the variance of the output of 


the regulated element. Conant defined the 
amount of regulation as the amount by 
which Z's entropy is suppressed by R; that 
is the regulation is given by 


V = H°(Z) - H(Z) (21) 


where H*(Z) is a constant parameter [19]. 
The units by which regulation is measured 
are, again, nits; thus regulation is an 
information quantity. 

The amount of effective regulation, turns 
out to be bounded by the amount of mutual 
information passing between À and S [that 
is, by I(R;S)] and thus by the capacity 
and complexity of the regulator. 

Regulation as conceived by Conant and 
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others involves the suppression of deviance 
from some norm (i.e. error). The difficulty 
with such an approach is that it assumes 
we can gain, legitimately, knowledge of 
that norm. In the case of, say, a mail 
sorter, the norm, the perfect sort, seems 
obvious; in other situations the norm may 
not be obvious or may not even exist. Even 
if the norm were discoverable, knowledge 
of it would seem to imply intentionalism 
rather than behaviorism. 

There is only one behavioral norm that 


_ may be applied legitimately in the organi- 


zational domain: the maintenance and 
propagation of stability. That is, the 
purpose of the regulator is assumed to be 
the maintenance of a steady state in the 
orgon it regulates, 

Under this view adequate regulation is 
that amount of regulation which is 
required to achieve or maïintain in a 
regulated element a particular state and 
level of;,complexity. When an element is 
operating below some required complexity 
level the proximate cause may be assumed 
to be a mismatched or improper input. The 
perfect regulator would, in effect, modify 
the input in such a way so that maximum 
complexity could be achieved with a minimum 
of divergence from the steady state. 
Conant asserts that in order to achieve 
this modification of input the regulator 
must have a channel capacity, and conse- 
quently a complexity at least equal to the 
difference between the steady state com- 
plexity of the regulated element and its 
required complexity. Thus if the required 
complexity of the regulated element is 
Ch(E) but it is not operating there thus 
suffering a reduction of complexity of 
C(E) <C,(E), then the minimally adequate 
regulator, À, must have a complexity of 


C(R) > CL) -C(E) (22) 


This is the concept of adequate regulation. 


The structure of regulation 


Underlying the foregoing is an important 
structural aspect of regulation. Recall 
that the concept of the orgon is that of 
an interactive loop; central to this con- 
cept is a set of interaction channels con- 
necting their associated active elements 
in series. In contrast, a regulator's 
interaction channel must be in parallel 
With those of the element it regulates. 


The behavioral manifestation of regulation 
lies in this aspect of 'circuit' design of 
the interactive social network: regulation 
is said to occur when parallel channels 
exist whereas orgons are said to exist 
when series channels occur. It is obvious 
that both series and parallel channels 
(i.e. orgons and regulation) must charac- 
terize any complex system. If orgons, 
series channeling, are the building blocks 
of eco-social systems then regulation, 
parallel channeling, is the mortar. That 
is, orgons are bound together in a system 
by channels that are not, strictly speak- 
ing, part of any orgon; these binding 
channels are the structural manifestation 
of regulation. 


Just from inspecting a sociogramatic 
graph (see Fig.2) it is clear that for 
every set of two interaction channels im- 
pinging on an active element there is one 
orgon in which the element participates. 
Thus an element with two interaction chan- 
nels participates in one orgon; an element 
with four channels participates in two 
orgons; and so forth. An odd channel 
(three, five, seven) indicates that an 
element participates in one or more orgons 
and is linked (via input or output) to at 
least one additional orgon. If an element 
participates in more than one orgon it is 
in a strategic location indicating the 
presence of parallel channeling and, 
hence, regulation. 


In abstract terms, regulation is defin- 
able as a relationship between two input 
channels and an output. The input stream 
of behavioral acts to any active element 
can be partitioned in nearly an infinite 
number of ways in order to define two 
inputs. Once the input stream is parti- 
tioned, however, the definition of regula- 
tion is that of a difference between a 
measure of coordination between the two 


inputs and a measure of coordination 
between one input and the output. The defi- 
nition of regulation may also be given in 
terms of a partial complexity of the regu- 
lating and regulated elements. Partial 
complexity is the complexity of an active 
element calculated when some of its inputs 
and/or outputs are excluded from the cal- 
culation. Thus a partial complexity of the 
regulated element in Fig.6 is that which 
results when only the input from À and the 
output Z is considered (the input from S$ 

is ignored). Regulation may then be defined 
as 


ser 


y = {C(R;3Z) l -C(R;S) l}A(R) (23) 


where C(R;Z) is the partial complexity of 
the regulated element and C(R;S) the 
partial complexity of its regulator. 

Let us pick a single interaction channel, 
CB, the behavioral sequence carried by 
which I shall designate as R. Let the 
sequences arriving from all other channels 
together be Z. I have thus defined the 
regulatory effect due to a single inter- 
action channel; let this coefficient of 
regulatory effect be designated V®. The 
number of interactive linkages in force at 
any one time I have called the level of 
integration of the element, the total num- 
ber of elements in the system its level 
of mobilization, and let integration 
levels have an upper bound equal to the 
mobilization level. If the mobilization 
level is P then there are P? coefficients 
of regulatory effect (some of which may be 
zero). 

The set of coefficients of regulatory 
effect have both a mean and a distribution. 
Because these two statistics are related 
to the amount and arrangement of control 
in the society they are political vari- 
ables. The mean regulation I refer to as 
the level of politicization. Politicization 
reflects the degree to which elements in 
the system seem to be animated by the 
influence of others. The second statistic, 
the distribution of levels of regulation 
shall be referred to as the political 
structure. À uniform distribution of coef- 
ficients of regulatory effect suggests a 
homogeneous political structure in which 
no active element is any more subject to 
control than any other. Any nonuniformity 
in the distribution implies that some 
subset of elements is subject while ano- 
ther is dominant — implies, that is, that 
it is possible to identify a center of 
power from its periphery. 


Politicization 


Politicization is the amount of regulation 
per channel ïin the system. For a system to 
cohere, politicization must rise above a 
certain threshold, for regulation is the 
glue of social systems. What is that 
threshold? Moreover, is there some upper 
bound on the level of politicization? And 
finally, what is an optimum level of poli- 
ticization? 

If a social system contains more than 
one orgon it must exhibit a positive, 
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finite level of politicization. Beyond 

this principle there is no specifiable 
lower bound to politicization. If the 

major contribution to the stability of the 
system rests in its orgons, that is, if 
the system is highly decomposible, the | 
politicization level will be quite low. If; 
on the other hand, the regulatory influ- 
ences make a great contribution to the 
system's stability, it will be largely 
indecomposible and a high level of politi- 
cization would seem to follow. The lower 
bound may be a function of the system's 
decomposibility. Put another way: when 
complexity per element is high it is 
unlikely that the elements are operating 

at their steady state (as implied by the 
process theorem); consequently, heavy regu- 
lation may be required to maintain any 
stability in the system. It is likely that 
the threshold politicization level is also 
high. | 


The maximum politicization level, I sus- 
pect, is determined by the average com- 
plexity per orgon. That is, regulation is 
ultimately bound by the channel capacity 
of the regulator. An element's politiciza- 
tion level is the average regulation 
achieved against that element by the cor- 
respondents in its role-set; politiciza- 
tion then is obviously bounded above by 
the channel capacity and, hence, by the 
complexity of the average element in its 
role set. If this argument holds, the 
society's politicization level is bounded 
above by the complexity of the average 
element. 


Every social system develops and stabi- 
lizes at a given level of decomposibility 
and politicization tends to locate itself 
between its upper and lower bounds. It is 
also conceivable that politicization 
levels might suffer cyclical shifts as 
various strains develop in a system. High 
rates of technological change, for example, 
may require extremely high levels of poli- 
ticization to maintain a given level (or 
even range) of complexity. 

The optimum politicization, like other 
optima, is not definable without first 
Stating the goal or value with respect to 
which the optimization is carried forward. 
There are perhaps as many optima as values 
on which to optimize. Moreover, the con- 
straints on the system's condition are 
variable as well. Nonetheless, an interest- 
ing optima is the Zipf optima of ‘least 
effort' mentioned in the next section. 


Le ÿ mal 


Political structure 

Politicization is distributed according 

to a political design. When the distribu- 
tion departs significantly from uniformity 
it forms a political design. There are 
several ways to conceive of the meaning of 
political design, that is, the meaning of 
degrees of shift away from uniformity. A 
rather traditional meaning is centraliza- 
tion; if the lion's share of politiciza- 
tion falls in a relatively small partition 
of the system, the society is said to be 
highly centralized. Otherwise the society 
is said to be decentralized. 

Because regulation as defined in Eq.(23) 
is a function only of the partial complexi- 
ties of an element and its regulatory 
input, it follows that politicization will 
be distributed in the same way as complexi- 
ty per element. Thus, political structure 
may be thought of as a measure of the 
distribution of complexity — as well as of 
regulation. In general, however, the 
distribution of politicization is merely a 
general characteristic of the system: its 
political structure. As the distribution 
of politicization moves toward either 
extreme (uniformity or the impulse func- 
tion) political structure disappears. Con- 
versely as the distribution of politiciza- 
tion moves away from the extreme, political 
structure becomes more prominent. 

A measure of political structure which 
increases with increasing prominance and 
decreases as political structure begins to 
fade has been proposed by Zipf; it is 
based on his logrithmic rank-order distri- 
bution representation. Zipf's measure is 
neatly summarized by Calhoun as follows: 

"Zipf presents a general formulation of 

relatedness among member units having 

influences on each other within the sys- 
tem or community they form. ...Units may 
be ranked from 1 to # in order of 
decreasing magnitude of the characteris- 
tic in question (complexity or politici- 
zation). Rank represents a measure of 
influence or dominance or class. 
...Empirically Zipf found that most 
such rank frequency distributions form a 
straight line with a negative slope when 
plotted on log-log graph paper. He postu- 
lates two forces which determine the 
siope of this relationship. 1. The Force 
of Diversification which tends toward 
greater uniformity in magnitude of the 
various units. 
2. The Force of Unification which 
increases the differential in magnitude 


between successively ranked units. ... 
.. When these forces exactly balance each 
other the line may be described by an 


equation, p,, = D the negative 


slope of -1.0 where pe is the frequency 


of the nth ranked entity. Zipf calls 

this the 'ideal' relationship. Optimum 

relatedness exists in the sense that 
independence and dependence of action 
exactly balance each other. 

From an ecological point of view this 
‘ideal' relationship should represent 
the climax community. Communities for 
which one or more aspects have a rank- 
frequency slope greater or less than -1 
then represent successional stages 
divergent from the climax. ... 

Zipf also points out that interposi- 
tion of units of varying magnitude 
within a series of related units to 
which the interposed units have few 
functioning relationships causes the 
rank-frequency curve to become convex 
upward at the points of insertion. When 
the Force of Diversification is at a 
maximum and variability in magnitude of 
the units results from environmental or 
chance factors a maximum upward convex 
curvature will result. When this happens, 
the assembly of units cannot be called 
a community.'' [20] 

The Zipf/Calhoun concept that climax is 
the result of a balance of centrifugal and 
centripetal forces meshes well with the 
concept of political structure presented 
above. In my terms, regulation is always 
in some tension with the steady state 
integrity of the orgon; the climax resolu- 
tion of this tension would then be manifest 
in Zipf's distribution where p,, = p""' as 
in Fig.7, where orgons are ranked by com- 
plexity, 

If the area under the climax line in 


climax 


’ line 


Fig.7 


Fig.7 is Q and the area under the line 
representing the actual distribution 
(assuming it is different from the climax 
distribution) is a then a reasonable meas- 
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Fig.8 Relatedness among functional specializations within human communities for the United States. A = agriculture, C = craftsmen, Le 
laborers, P = public administration, F = finance, H = health, f = foremen, a = arts, E = engineering. (From Calhoun, 1957, p 341) 


ure of political structure, ®, would be 


Q 
|g-a| 
Thus political structure has a maximum of 
infinity (where Q=a) and a minimum of zero 
(where a=0). 

This measure suggests that political 
structure reaches a climax (infinity) when 
politicization is distributed in a moder- 
ately non-uniform way. It is, however, 
important to note that these statements 
are empirical hypotheses, that the climax 
distribution is a characteristic of the 
real steady state of eco-social (versus 
arbitrary) systems. Calhoun offers some 
data on the distribution of occupations in 
the U.S,. that are very suggestive if one 
assumes that high status occupations are 
more politicized and more complex (see 
Pigs8): 

It is possible to have an overly skewed 
distribution. À lot of political sociology 
is devoted to the problems of an improperly 
distributed politicization. The ‘theory of 
mass society! is based upon the assertion 


A = l (24) 
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that societies which lack intermediate 

strata (that is, societies composed of 

only unpoliticized and very politicized 
elements) are unstable [21]. 


IT 
So far the theory of organization has been 
presented as it applies to the entire 
three-tiered eco-social system (i.e., 
society, technology and environment) — 
although such terms as politicization and 
such data as Calhoun's admittedly are more 
suggestive for the first tier than the 
others. Some interesting insights derive 
from considering the problems of opera- 
tionalizing the theory in each tier 
separately and examining the relationships 
between the tiers. 

One of the most obvious places to start 
exploring these problems lies in the iso- 
morphy between complexity theory and 
thermodynamics: 

"The information-theory treatment of 

thermodynamics clarifies the concept of 

equilibrium. À few moments of thought 


should serve to convince one that the 
concepts 'Distinguishable from the 
environment! and ‘Out of equilibrium! 
are the same. Our ability to recognize a 
system depends on the fact that it dif- 
fers from its environment. 'Thermodynamic 
information! is conceptually the same as 
‘Degree of departure from equilibrium'. 
If each of these quantities is measured 
in such a way as to satisfy the element- 
ary properties of additivity, consistency 
and monotonic increase with the system's 
size, then apart from units of measure 
each will be the same mathematical 
Expression, Since they really refer to 
the same thing. [22] 
Considering that the social tier is usually 
thought of as an information/communications 
system while the technological and environ- 
mental tiers tend to be thought of as 
energy transformation systems, I propose 
in view of Tribus' remark (above) that 
complexity, is a universal measure of 
capacity For doing work applicable to all 
three tiers with changes only in the units 
of measure. To this point, I have presented 
an argument for complexity as measure of 
social capacity, I wish now to argue that 
the complexity is also the most general and 
consistent measure of capacity for thermo- 
dynamic systems. 


Essergy 


Robert Evans (1970) has twice published 

the statement that essergy is the most 
consistent and general measure of potential 
work for thermodynamic systems. My argu- 
ment attempting to establish complexity as 
the general measure of capacity applicable 
to social, technological, and environmental 
systems is a generalization of Evans! 
proof, taking into consideration some 
results of Tribus and Brillouin. The argu- 
ment begins by establishing an isomorphy 
between complexity and essergy. 

Tribus comments that essergy is derived 
from two equations defining entropy and 
thermodynamic information (equations and 
explanations are from Tribus, 1971): 


E+P V->Eu,. N: 
0 TO T 
— | (25) 
A | 
I = Sp-s$S 
ER PATEITAS= Tu Ne 
# 0 0 TO + (26) 


To 


Essergy = Tol 


= E+PV-TS-Eu, (27) 


Equation (25) gives the entropy of a 
thermodynamic (chemical) system; specifi- 
cally, "So is the uncertainty when energy 
(FE), volume (7) and the number of moles of 
various chemical species (W;) are unrecog- 
nizable because they are distributed in an 
environment at a temperature Top, a pressure 
Po and chemical potentials u;0". Equation 
(26) defines the thermodynamic information 
of a system with respect to a given 
environment — thus defining the degree to 
which that system is distinguishable from 
its environment. In Eq.(26), "I is inform- 
ation and $ is the uncertainty about the 
system formed with energy FE, volume V and 
composition W;''; the equation distinguishes 
this system from an environment of pressure 
Po, temperature To, and so forth. Equation 
(27) defines Evans' essergy measure as the 
thermodynamic information multiplied by 
some reference temperature (i.e. that of 
the environment). 


Complexity and essergy 


Let us compare the essergy and complexity 
measures, Assume an active element has an 
information transfer capacity of I1>0. Let 
the reference environment for this element 
have zero transfer capacity; thus the 
environment will be characterized by 


To = Æo(X) - Ho(X|Y) = 0 (28) 
or in other words 
Ho) = 4o(X|7) (29) 


Now assuming the element and its environ- 
ment have the same input, Æ)(X), the ele- 
ment must be characterized by 


T= 4g(X).-4(X|Y) (30) 


where A(X|Y) < H5(X). The difference in 
the information transfer capacity of the 
environment and that of the element may be 
viewed as a measure of the degree to which 
the element is discernible from its envir- 
onment . 


D'eMNEl) Cle) (31) 
or 
D = (-1){4,G - oCX |) - A0 CX) + AGX|P)} 
= H(X|Y) -AX|Y) (32) 
and therefore, by virtue of the assumption 


int (29) 
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D = Hp(X)- A(X|Y) 
= I (33) 
Now if we normalize D to A(X|Y) we have 


the complexity measure. If we normalize to 
Ho (X|Y) we have its negative reciprocal. 
Suppose that I were non-zero and that 
therefore D # I. When D is normalized to 


A(X|Y) we have | 
EUR LCA UE 
D{H(X|Y)} = (ee 1) 


where it is known that Æo(X|7) < Æo(X). 
Thus, whatever the information transfer 
capacity of the environment, 


Clz,>0 = D{H(XIM TL < Cl7,=0 (35) 


Hence, complexity drops as the environment 
increases its capacity to transfer infor- 

mation relative to the information trans- 

fer capability of the system under consi- 

deration. 

An analogy above and beyond this iso- 
morphy exists between essergy and complex- 
ity when we argue that the reciprocal of 
dependency in an eco-social system corres- 
ponds to temperature in a thermodynamic 
system; that is, ACIDE: is analogous to 
temperature. This is clearly the case in 
electronic circuits, for example, where 
the transition probabilities underlying 
H(X|Y) are severely affected by heat. 
Thus, as the temperature of a piece of 
communications equipment rises it is more 
susceptible to noise and C begins to fall 
(in general) [23]. 

The difficulty with an analysis of the 
gross relationships among the tiers in an 
eco-social system is, and always has been, 
one of establishing units of measure that 
can be used both in physical and social 
science. Unit social acts do not seem 
easily translatable into energy states. 
The relation between information and 
entropy proposed by Brillouin (namely 
1 bit = k 1n2 joules per degree kelvin 
where k is Boltzmann's constant) is, 
however, an important start. The next prob- 
lem, however, is more intractable; it is 
that of establishing the maximum informa- 
tional or thermodynamic efficiency of 
human unit social acts. It does not seem 
unreasonable, however, to assume we could 
eventually find such a number. If we could 
it would mean that we could give the com- 
plexity of any sector of an eco-social 
system in terms of joules, its dependency 
in degrees kelvin and so forth. Such an 


(34) 


352 


equation might, it seems to me, be of the 
form 


DE ST Ron k1C a ko (36) 


where k, is a constant defining the units. 

Under such developments we could in 
principal study the efficiency of any sec- | 
tor in the eco-social system. Such studies 
could be profitably used to evaluate pro- 
posed changes in social structure, human 
genetic make-up, technology, environment 
and so forth. 


Conclusion: pictures of post-modernity 


Before concluding this paper I should 
reiterate two caveats: 

1. The analogy with thermodynamics is 
tentative and preliminary. At this point 
in the exploration, I do not want to carry 
it too far. Primarily, I havenot ver 
developed what I consider satisfactory 
explanations of how the first and second 
laws of thermodynamics fit into complexity 
analysis. 

2. The composition theorem rests on the 
assumption that the system is operating at 
its steady state while the process theorem 
suggests that there may be forces critical 
to the maintenance of a system's capacity 
that must drive the system away from its 
steady state. Is there a contradiction here 
or is there some new law of social process 
about to emerge (perhaps a law isomorphic 
to the second law of thermodynamics)? 

Thus, in the end, the picture of a steady 
state society which emerges from this 
analysis is a bit clouded; important ques- 
tions are still unanswered. For example, 
the essergy flux of the environment is 
fixed (largely by the earth's absorbsion 
and reradiation of solar energy) but the 
portion of that flux which falls under the 
control of the technological and social 
tiers may vary considerably. What is the 
optimum proportion? In addition, great 
increases in the utility of the controlled 
portion of the flux may be obtained by 
efficiency increases in the social and 
technological tiers and may be obtained 
without pollution or other dilaterious 
effect. What is the desirable or even the 
feasible level of efficiency? Finally, 
increases in the complexity of the social 
tier are probably subject to decreasing 
marginal utility because of the innate 
limitations of men. However, the complexity 
of the system can be increased while the 
social tier becomes simpler by storing 


more and more of the eco-social system's 
complexity in the technological tier. How 
technological can we make our technological 
society? Even supposing all these questions 
were answered or even answerable, is there 
no further scope for change and improvement 
in the eco-social system? 


Appendix A: Negative probabilities 


The axioms underlying modern probability 
theory define probabilities as positive 
numbers between zero and one. That the 
maximum value of a probability be precisely 


tunity has for some time been treated 
, rather cavalierly by empirical social 


scientists. (among others). But the asser- 
tion that the minimum probability value 
might be different from zero has never to 
my knowledge been extensively discussed. 
There is, of course, no reason why the 
customary axioms of the theory could not 
be ‘'reflected in a mirror' so that a 
probability would be defined as a negative 
number between zero and one. Thus, at 
first glance, the introduction of negati- 


_ vely signed probabilities would seem to be 


unproblematic, arbitrary and dull. 
However, the use of negatively and positi- 
vely signed probabilities together gener- 
ates a new mathematical tool of some power, 
and may give social scientists greater 
latitude in theory building. In this 
article I summarize 
1. Some reasons why one might want to 
extend the calculus of probability to 
include negative numbers, 
2. The axioms and some of the theorems 
that such an extension might require. 
3. Finally, a brief discussion of a 
class of examples of the way use of 
mixed theory provides greater depth 
to social theories. 
Any justification for the acceptance of 
a new theory — especially one so seemingly 
trivial and yet so counter to tradition — 
must ultimately be rooted in its usefulness 
for the on-going scientific endeavor. 
Common utility aids aside, however, the 
extension of probability theory to include 
negatively signed numbers provides a fund- 
amental philosophical advantage that I 
should like to mention here. 


Defects in the philosophy of P(X) 


In order to introduce the philosophy of 
mixed theory (that is, positive and nega- 
tive) let me mention some aspects of the 
philosophical interpretation of ordinary 
probabilities that are not currently 


thought to be problematic. The probability 
concept stems from the logic of sentences 
that may be judged either true or false on 
some criteria (e.g. on reality, consisten- 
cy, etc.). Such sentences are called 
events: e.g. "I am six feet tall!. Events 
— or assertions of facts — if they could 
only be considered true or false would not 
naturally lead to the probability concept. 
However, the psychological fact of man's 
limited knowledge creates a situation in 
which (1) man may suffer from some doubt 
regarding the truth or falsity of an event, 
or (2) the event has not yet occurred 
within man's sphere nor has its occurrence 
been satisfactorily shown to be inevitable 
(or otherwise) on the basis of determinist- 
ic law. Under this situation probability 
theory emerges as a weak form of determi- 
nism — a way of filling in the lacunae in 
the coarse logical classificatory schema 
of true/false, 

Sentences imply a language, and logical 
languages have certain characteristics. 
These language characteristics may be said 
to precede probability theory and the 
disputes engendered thereby. Language, 
whether logical, natural or synthetic is 
in some way determined by and, in turn, to 
some extent determines the character of 
the universe as we know it; what is not 
expressed is in some sense not known. This 
does not mean that what is not expressed 
does not exist, for such things may 
eventually be expressed — they are 
expressible but, as I shall say latent. 
Since, in general, many languages may be 
used to define an event, we must also 
contemplate the prospect that, from time 
to time, new languages may come into 
existence and use, or old ones may be 
renovated,. Thus, what can not be expressed 
(as distinct from what is not expressed) 
may become expressible. 

The problem of the practical investigator 
is that he must select from the infinite 
variety of events (and underlying languag- 
es) a few which he deems to include all 
the possible outcomes of his experiments. 
Such a complete system of events as it is 
called constitutes the sample space of his 
experiment to which he assigns the proba- 
bility mass of unity. His troubles begin 
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when, for example, the coïn he is tossing 
lands on its side forcing him to redefine 
his sample space, or more interestingly 
when it is discovered that his underlying 
language is defective, as, for example, 
when relativity replaces mechanics. The 
problem is even more moribund in the 
social sciences where the stream of events 
that constitutes human behavior has never 
been enumerated in a way that satisfies 
all serious observers. In the limiting 
case of unstable sample spaces, experiments 
become unreproducible and scientific method 
itself may collapse into empty ritual. 

However, for but veiled reasons, the 
universe does appear to have at least a 
loose structure. But the problem of placing 
the random experiment — an experiment which 
requires a tight structure — on a more 
stable foundation remains. Moreover, the 
problem is acute in the social sciences 
where random experiments abound as models 
of behavior. Savage, among others has 
chosen to deal with unforeseen outcomes by 
viewing the axiom bounding probability 
masses to unity at the maximum as merely 
Ma convenient normalization!'', While such 
a view does account for the occurrence of 
an unforeseen event it accounts only in a 
very restrictive way for the possibility 
that the occurrence of that event may 
change the distribution of probability 
masses across all other events in the 
sample space (the problem of language 
change). Thus, for example, if two events 
thought to exhaust a sample space are 
shown to be distributed equiprobably 
(0.5,0.5), and an unforeseen event occurs 
in repeated trials, the new distribution 
after ‘'renormalization'' would still 
reflect the equiprobability of the first 
two events, However, if the unforeseen 
event motivated a modification in the 
underlying language, the first two events 
may not remain equiprobable (even if the 
translation is ‘a one-to-one function!). 

The defects in the philosophy and appli- 
cation of probability theory mentioned 
above are part and parcel of the vitality 
of nature and science; they are both bane 
and boon. Moreover, they will not be 
healed, at least until man achieves omni- 
science. But the social scientist who 
deals with the behavior of scientists on 
the same plane as the otherwise occupied 
would benefit from some way of treating 
change driven by the expanding variety of 
events. 

The introduction of negative probabili- 
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ties does not, of course, permit us to 
solve or ignore problems of instability 

in the definition of sample spaces. Rather 
negative probabilities are used to record 
our doubt about our doubt so to speak. A 
presentation of negatively signed or à 
latent probabilities follows. 


Formal theory É 

With respect to events, a crucial differ- 
ence exists between the ex ante and the 

ex post situation such that ordinary 
probability theory applies only to the 

ex post situation. In other words, in $ 
order to apply ordinary probability theory, 
a great deal must be known (or assumed) 
about the sample space; the amount of 
knowledge required for probability calcu- 
lations only exists in the ex post situa- 
tion. In a coin tossing experiment, for 
example, we know the coin has two 'sides! 
and that the ‘landing-on-edge' outcome may 
be safely disregarded (an ex post situa- 
tion). Alternatively, we may not foresee 
all the significant outcomes (the ex ante 
situation) as when a probabilistic model 
of behavior is formulated and the behaving 
individual responds in an uncatalogued way. 
Thus, I offer the following fundamental 
remark: 


Fundamental remark 


The sample space is complete only from the 
ex post vantage point. From the ex ante 
vantage point the space consists of a set 
of known selections (actual events) 
enclosed by a permeable boundary. The 
probability mass of this enclosed set is 
unity. Beyond this boundary lies another 
sample space comprising all possible un- 
foreseen outcomes (latent events); its 
probability mass shall be defined as -1. 


Permeable Boundary 
Latent 
Space 


The phenomenon of the unforeseen occur- 
rence then, involves the movement of an 
event from the latent space to the actual 
space. The events in the latent space 
will, however, follow the laws of proba- 
bility (even though it is impossible to 
assign a particular probability to a 
particular event on the basis of observa- 


RE 


tion). That is, given a selection is to be 
made from the latent space (given, that is, 
an unforeseen outcome is going to occur) 

1. The probability that the null event 
MLLITOCCQUTHES zero, 

2. The probability of any one unforeseen 
selection is between zero and (nega- 
tive) one. 

Thus, the first step in the introduction 
of negative probabilities is to assert 
that all probabilities are conditional 
probabilities and that the condition 


involved is whether or not the sample 


space be correctly specified. From the 
argument in the previous section, the next 
step is to assert that it may be practical- 
ly impossible to correctly specify the 
sample space in the ex ante situation due 
to man's limited knowledge. Finally, if an 
omniscient observer (such as is implied in 
the ex post vantage point) knew that the 
random experiment would result in an 
unforeseen outcome, then, the condition to 
the probability would be the occurrence of 
the latent space. Thus the condition of 
correct definition of the sample space, 
written P(S/S) and translated ''the proba- 
bility of all events from the previously 
defined complete system of events, given 
that an event from that same system will 
occur'', is a very special condition, for 
it does not call into question the doubt 
we might hold about the occurrence of any 
outcome, rather it calls into question 

our doubt about the whole experimental 
process generating outcomes. That such a 
probability is defined as unity by means 
of the ‘'convenient normalization! 

obscures this inevitable doubt. It is 
because of the unique quality of this 
condition that I define the probabilities 
suggested_ by the converse of P(S/S) — 
namely P(S/S) — as negatively signed. Note 
that defining P(S/S) = P(0), while seeming- 
ly reasonable, only addresses half of the 
question: that is, it is a way to assign 
a probability in the event that the 

sample space is incorrectly defined but 
such a probability does not differentiate 
among various incorrect definitions. In 
this light I now turn to consequences of 
defining P(S/S) as a negative number 
between zero and one. 


For clarification some of the axioms and 
some of the subtler corollaries of mixed 
probability theory need to be discussed. 
In this discussion a sample space is 


symbolized by the letter S while any sub- 


set or partition of that space is written 
as À or B. The latent and actual spaces 
and their partitions are denoted by the 
Superscripted lower case Greek letters À 
(latent) and à (actual); i.e. SX, sa, AÀ, 
A%. Thus we have the basic axioms for both 
latent and actual spaces: namely, 


AXiom. be: "0 PAT) ENT 


and similarly, 
Le PU) 0 


Additionally, it is often taken as an 
axiom that the union (or sum) of two 
events, written AUB, satisfies 


Axiom 2: 


Axiom 3: P(AŸUBY) = P(A) +P(B°) - 
P(A%U B*%) 

and 
Axiom 4: P(4A\UBÀ) = P(4À) + P(B?) 


| P(4* U B?) 

in which the terms of the form AUB are 
corrections for any double counting due to 
overlapping (or intersection of the events 
À and B,) Finally, it must be stated that 
the ‘null event!' & which is taken as a 
member or subset of every event (latent or 
actual) has a probability of zero: 


PC 0 


A significant definition in both the 
latent and actual spheres defines two 
events as independent if (and only if) the 
probability of their joint occurrence 
(AUB) is the product of the probabilities 
of their separate occurrence. In ordinary 
probability theory this is written as, 


Axiom 6: P(A4NB%) = P(AX),.P(B) 


if (and only if) AŸ and B are independent. 
In the latent space, however, we must seek 
to guarantee that the multiplication of 
two (negative) probabilities together does 
not yield a positive or actual probability. 
Thus, for two events we must define as 
independent those events that satisfy 


P(4\N BA) = -P(4}).P(B\) 


Further, in ordinary theory the probability 
of any number of mutually independent 
events may be taken as the product of their 
isolated probabilities but in the theory 
applied to the latent space we must 
obviously take care to keep the sign of 
the product negative. 

Similarly, the definition of conditional 
and of joint probabilities otherwise simi- 
lar in both spaces requires that we be 
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Axiom 5: 


Axiom 7: 


chary of sign changes that violate the 
first and second axioms. Thus, we define, 
again for two events only, 


à P(AXN BŸ) 
Axiom 8: P(A%/B4) = PE 
but 
À À 
ECAMANE 0) 
Axiom 9: P(41/BÀ) NET 
P(B‘) 


where in both cases the denominator is 
taken to be non-zero. 

Thus, ordinary probability theory has 
been reflected in mirror so that negative 
probabilities are defined, but the two 
kinds of probabilities are kept separate 
(with the exception of the fact that zero 
belongs to both realms). We must now con- 
struct the rules by which an event may be 
transferred from the latent to the actual 
space. At this point I allow the philosoph- 
ical distinction between latent and actual 
probabilities to play a part in the 
mathematical conceptualization of mixed 
theory. Primarily, I argue that (1) the 
latent and the actual universes of percep- 
tion are entirely distinct and, therefore, 
their respective event spaces are disjoint, 
and (2) once created in a particular con- 
text, knowledge about events cannot be 
destroyed. Thus an event may be transferred 
from the latent to the actual space but 
not vice-versa. Knowledge about events, of 
course, can fall into disuse — especially 
when a language change occurs (as 
described above) — and thus be absorbed in 
the null event, so to speak. The disjoint- 
edness of the space may be stated in a 
set theoretical sentence, as 


AN B* = 4 
which then implies that 

Axiom 10: P(4ANBC) = 0 
or that all mixed joint probabilities are 
zero; and, further, since joint probabili- 
ties must be non-zero in order to define 


non-zero conditional probabilities, it 
follows that all mixed conditionals are 


zero; that is: 
LSNRRA NES) 
Axiom 11: P(A°/B) = — = 
P(B9) 


The hypothesis that knowledge cannot be 
destroyed means that the probability of 
the sum of the two kinds of events — one 
from the latént and one from the actual 
spaces — can never be negative. Thus in a 
given experiment the probability of an out- 
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come defined as ‘'some actual event B% or 
some latent event 4!" can never be nega- 
tive. We may state this condition as a 
lower bound upon mixed sums using the 
ordinary definition of sums: 


Axiom 12: O<P(AÂN B%) = P(AÀ) + P(BÜ)< 1 ! 


where we have dropped the P(4À nB0) term 
because it is identically zero. The impli- 
cations of axiom 12 are profound. For 
example, if we consider probability 
measures upon sets to be analogous to the 
physical concept of mass — as is often 
done in textbooks on the subject — we have 
defined actual masses as positive numbers 
between zero and (positive) one while 
latent masses are negative numbers between 
zero and (negative) one. Axiom 12 provides 
that the absolute value of latent mass can 
never exceed that of an actual mass when 
both are under consideration simultaneous1y 
In other words, given an actual probability 
axiom 12 limits the range of latent proba- 
bilities that can be summed with it; 

axiom 12 is, by virtue of this fact, the 
key mechanism for the operational use of 
latent probabilities. For example, if one 
were using the frequency count method of 
estimating actual probabilities in a coin 
tossing experiment, it could be determined 
that heads and tails turn up with a 
frequency of .51 and .49 respectivel"."In 
the sequel it might be that the coin may 
land on its edge with a frequency of .02 
causing a shift in the frequencies of 
heads and tails to .50 and .48 respectively 
Thus the event defined as the space of all 
expected occurrences suffered a loss in 
actual probability mass of .02 and there- 
fore by virtue of Axiom 12: 


0.98 = P(S%) + P(4}) 
and by virtue of Axiom 1 
-0.02 = P(4À) 


Philosophically, Axiom 12 asserts the 
intrinsic obscurity of latent events (and 
their probabilities) from the a priori 
point of view because it implies that a 
latent probability cannot be estimated 
until after the effect of transferring the 
latent event to actual space is known. 
Further, Axiom 12 implies that the effect 
of such transfers must be to reduce the 
probability of actual events and render 
the universe thereby more complex. 

Axiom 12 also offers a suggestion of one 
of the most interesting applications of 


mixed theory: that of stabilizing other- 
wise unstable random processes thus expand- 
ing the scope of applicability of random 
process models, 

Is there really an event whose probabi- 
lity of occurrence is less than zero? To a 
certain extent this question is not 
relevant to the use of latent probabilities 
in that they should be used not because 
they are philosophically imperative but 
rather because they are mathematically 
convenient. Nonetheless it seems clear 
that there are profound and fundamental 
differences between the philosophical 
interpretations of latent and actual 
probabilities. Actual probability space is 
often thought of as comprised of atomic 
particles called elementary events which 
are combined in various ways, I think most 
philosophers of the discipline would agree 
with me that this view is a crude over- 
simplification if not an outright fallacy. 
Events exist only subjectively; their 
definition is always relative to some set 
of a priori category states in the mind 
of an observer, The observer first 
embraces a conceptual language which orders 
and determines his view of phenomena; but 
neumena (in Kant's usage of the term) are 
susceptible to descriptions by many alter- 
native such languages. From time to time 
changes occur in the conceptual language 
we use to describe the neumena, These 
changes may range from the redefinition 
of the actual probability space to allow 
the addition of a single new event, to a 
massive and radical reconceptualization 
of the neumena such as the discontinuities 
in our intellectual history associated 
with the Einsteinian and Newtonian revolu- 
tions. 

There are, then, two distinctly different 
kinds of events; those events called 
actual in which we have direct interest 
and those events called latent in which 
we have indirect interest. The former 
events are known to us by virtue of the 
store of knowledge accompanying our present 
categorial state; these actual events have 
finite positive probabilities by the con- 
ventions of probability theory. The later 
events are not known to us for they 
address themselves to potential changes in 
our categorial state; I have suggested 
that they be assigned negative probabili- 
t1est 

The realization of an actual event 
changes nothing; the realization of a 
latent event changes the definition of 


events and, therefore, the probabilities 
of occurrence of at least some of them. 


Footnotes 


1. It may well be that related concepts 
have even deeper historical roots. For 
example, among other commentaries on 
the entropy concept Sir Arthur Edding- 
ton's Gibbs Lectures in 1928 remain a 
seminal exposition. And, of course, 
the modern conception of entropy as a 
measure of organization stems from the 
work of Gibbs himself. À readable, 
though at times biased history appears 
in Georgescue-Roegen (1971). I might 
say that Georgescue-Roegen's thesis 
that the entropy law refers to a physi- 
cal reality rather than a statistical 
artifact is, to my knowledge, unproved 
and is, therefore, a dogma of philoso- 
phy rather than a result of empiricism. 

2. Most of the sociology of organizations 
and related areas in the study of 
management and administration dwell 
upon the functional domain. For 
example, Arthur Stinchcombe, the great 
American sociologist, in a letter to 
the author criticizing some aspects of 
thisspaperawrotemcitir1sethererfect- 
iveness of control, not the complexity 
of behavior, that we are interested in. 
Psychiatrists have more channel 
capacity than surgeons, but lower 
status. The reason is there is just as 
much variance in the mental health of 
the output stream of patients as the 
input stream. This means from a sub- 
stantive point of view, the anomie of 
the role of psychiatrist or witch 
doctor is due to the fact that after 
action the output has as much informa- 
Élontashthelinput,! 

3. How I define (and get data for) these 
terms is introduced later in this 
paper and more fully described in my 
booklength study now nearing comple- 
tion. 

4, I should note that social system 
development is here assumed to have 
some component of external stimulus, 
i.e. the problems which must be solved 
are not necessarily all sui generis. 
Thus some variation in the observed 
tendency to organize among different 
cases (e.g. 20th Century Germany versus 
19th Century Polynesia) may be due to 
lack of external stimuli. 
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In opposition to this point, Robert 
Carrol, the human ecologist (University 
of Cinncinatti), maintains that in the 
long run there is no evidence to sug- 
gest that increasing levels of human 
organization are ever counterproduct- 
ive. 

It is advantageous for some purposes 
to discuss the culture of a single 
role or grouping of roles. These indi- 
vidual cultures are typically somewhat 
less inclusive than the culture of the 
entire system. Similarly, it is common 
to speak of the social culture of a 
system exclusive of the acts or 
stimuli emitted from its physical and 
technological environment. 

The converse (i.e. information content 
always implies meaning) is, however, 
not true (Sayre, 1967). 

It is often pointed out that the infor- 
mation content of hearing that some 
woman had twins is exactly the same as 
hearing that one's wife had twins, even 
though the latter may have considerably 
more emotional impact. 

Throughout I shall use natural logar- 
ithms, that is, logarithms calculated 
onta:basevofret=12971852: 

Shannon also discovered that, given an 
ethogram of a finite number of acts, 
information carrying capacity is a 
function of the statistical structure 
such that maximum capacity occurs when 
all probabilities of occurrence are 
equal and the information measure 
simplifies to log N where N is the 
number of acts listed in the ethogram. 
The dependent system is analogous to a 
“communications channel'' while the 
creative system consists of an ''infor- 
mation source!"'. 


Specifically, 
N 
H(X)=- ŸP(;)ln P(x,) and 
T=1 
N,M 
A(X|Y) = F LENS He E 


where NW is the total number of acts, 
x;; With probability given by P(x;) in 
the input ethogram and M the total 
number of acts y. in the output etho- 
gram. d 

Equation (1) also exhibits some of my 
notational conventions. Notice that 
complexity, C(X;Y) may also be dis- 
aggregated into a unitless capacity 
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measure, C, and a rate measure,T. 
There may be some question in the 
reader's mind about this in view of 
the fact that logarithms of negative 
numbers are seldom defined. Recall that 
a negative logarithm implies an anti- 
log between zero and one. In order to 
define logarithms of negative numbers 
we write the number in complex polar 
coordinate form as a magnitude and a 
direction. We define positive numbers 
as having the direction of 6=0, while. 
negative numbers have the direction of 
8=7. Now using the identity -1=eJT 
where j=V-1 we may show that H=M In1/M 
as a function of 8 (i.e. in the form 
H(8) = -Mej8j0 - Mej01nM) is negative 
when 6=+tr and positive when 6=0. When 
@=tr, H(8) has an imaginary part which 
we can eliminate by redefining H so 
that H=1/2[H(+6) + H(-8)]. Thus, in 
order to drive H(X|Y) negative we need 
a slightly different (but essentially 
equivalent) definition of H as well as 
negative probabilities. 

As described in my forthcoming book 
(in preparation). 

“Active element'' is the general term I 
use for a transformation (or node in 
the sociogramatic map) in an eco-social 
system. 

An orgon is a unit of a hierarchical 
system. Simon (1962) defines a hier- 
archical system as a system ''composed 
of interrelated sub-systems, each of 
the sub-systems being in turn hierar- 
chic in structure until we reach some 
lowest level of elementary sub-system!!'. 
An orgon is a sub-system of an eco- 
social system. Figure 2b illustrates 
the most elementary such sub-system. 
Wilson (1969) writes ''Koestler (1967) 
addresses the question of what to call 
entities that belong to hierarchical 
systems. They have two aspects, !..the 
functional units on every level of the 
hierarchy are Janus-faced, as it were: 
they act as wholes when facing down- 
wards, as parts when facing upwards.' 
He elects to designate these entities 
by the term holon (from the Greek 
whole plus the suffix on, as 
in proton or neutron, suggesting a 
particle or part). We note Gerard uses 
the term org to designate the same 
concept (Gerard 1957). The etymology 
of our word ‘orgon' should be clear. 


17a.These are changes in the integration 


and mobilization levels described in 


the following sections. 

Easton (1965a). 

‘The job of À is to adjust P(R|S) until 
H(Z) is minimized. Now Æ(Z) can be 
forced down to a certain minimum H* (2) 
without actual activity on R's part, 
that is with À endlessly taking some 
value r*"', 

Condensed from Calhoun (1957) who 
summarized Zipf (1949). 

See Lipset (1963, pp 52-53). Lipset 
includes in the footnotes to this 
passage a representative bibliography 
of theoretical and case studies which 
come to the same conclusions. Also see 
Hatz, 1969, 

Hribus 1971, D 186. 

Tribus, 1971, p 188. We can also 
expand the complexity formula as in 
Eq.(20) and explore certain other iso- 
morphies. In particular, Mitnick (1970) 
distinguishes between extensive and 
intensive characteristics of thermo- 
dynamic systems: temperature and 
pressure are intensive, volume is 
extensive. Similarly, dependency and 
integration are intensive, (everywhere 
the same) while mobilization is 
extensive (must be summed over the 
whole system). 


T8, 
19, 


20, 


21: 


22 
25: 
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Premises from the evolutionary perspective 


1.1 Contemporary views held by the 
students of the theory of evolution 
envision the further advancement of man 
mainly as a result of evolving human 
culture [1]. These views imply: first, 
that human culture is a system of higher 
order than man; and, second, since it is 
understood that the individual evolves 
by adapting to the changing forms of 
culture, that this system is evolving at 
its own pace. Regarding the individual, 
the evolutionary view implies that, on 
the one hand, man possesses attributes 
which change with changing cultural forms, 
and on the other hand, he possesses 
attributes that are relatively irrespon- 
sive to cultural change - namely, attri- 
butes rooted in his biological system. 

Hence, human culture, as a system, 
represents another evolutionary step which 
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rose from man but transcended him. Man 
became an element of this system. However, 
if human needs gave rise to culture, 

these needs must be reflected by its 
organization, and if there were classes 
of needs universal to all men, then 

these needs must be manifested as univer- 
sal characteristics [2] in the organiza- 
tion of cultures. 

Culture, as a system, is defined by 
its organizing constraints, [3] and for 
the above reasons, some constraints are 
common to all cultures. 

1.2 If man is the outcome of the 
biological evolution, the contemporary 
evolutionary perspective adds human 
culture above man, on top of the 
evolutionary ladder. The evolutionary 
ladder is envisioned as a sequence of 
systems aggregations. More complex systems 
evolved with each consecutive step. Atoms, 
as systems of elementary particles, 
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aggregated into molecules, molecules 
aggregated into cells, from cells evolved 
organisms, and from organisms cultures. 
Each of these systems are held together 
by their peculiar constraints. 

The key to knowledge about each level 
of systems is hidden in the arrangement 
of constraints. Two general observations 
about the structure of natural systems 
are of a particular interest in this 
context. First each higher level of 
systems contains lower level systems. The 
second charccteristic is the increasing 
variety of forms with each higher level of 
systems. With respect to the constraints, 
the first characteristic suggests that 
there must be a connection between the 
organizing constraints of one level with 
the constraints of another level. The 
second structural characteristic, on the 
other hand, indicates that the constraints 
in higher order systems differ from lower 
order systems in that they are more complex 
than in 1ower order systems. 

Upon adding human culture to the hierar- 
chy of systems, the range of systems 
variations widens and some general systems 
characteristics emerge which have previou- 
sly remained obscure. 


1.3 One of such characteristics is the 
varying accessibility to the systems 
organizing information. In lower order 
systems, such as crystals, the geometric 
form is the overt result of the performan- 
ce of its constraints. Orbits of atom 
particles likewise can be perceived by 
means of geometry, and deductions regard- 
ing the organizing constraints may be 
made from such forms. However, this form- 
constraint relationship becomes less 
obvious in molecules, and the geometry of 
the cell is still less distinct. Geometric 
Dion eries)0f the cell reveal, only little 
information regarding its organizing 
conStraints. However, the cell displays 
other overt factors which enable the 
scientist to make deductions beyond the 
concepts of geometry. Physiology is dealing 
with such factors. 

With the evolution of human culture, 
natural systems attained the highest 
degree of complexity of forms, and the 
organizing constraints became still more 
overt. Most organizing constraints of 
human culture are articulated by laws, 
ordinances, traditions, and other designs. 
Al1 of these constraints are articulated 
by symbols. They are accessible and open 
for investigation. 


It can be stated generally that, in 
lower order systems such as crystals, the 
organizing constraints are intrinsically 
hidden but explicit in systems forms. In 
the highest order system, this relation- 
ship is reversed. The record of constraints 
is on the surface and explicit, but the 
resulting systems forms contain a high 
degree of uncertainty. One is tempted to 
resolve this uncertain constraint-form 
relationship in human culture by simply 
associating cultures with open systems, 
However, such an explanation remains 
ambiguous and tends to oversimplify the 
issue, It bridges the effects of psycho- 
logy on natural systems and ignores the 
notion of consciousness [4]. 


1.4 The fact that higher order systems 
contain lower order systems suggests the 
possibility that there is a structure of 
constraints which starts with one cate- 
gory at the lowest level, and other 
categories are added as the evolution 
progresses. There rs little doubt that. 
such a plan of constraints exist, The 
difficulty is rather in reconciling the 


. concepts of various sciences and in 


overcoming the differences in terminologi- 
es. The system of human culture, which 
embraces all other systems, is still a 
virgin soil for sciences, However, culture 
is the super system where the mind, in 
conjunction with matter, constantly takes 
new forms. New forms influence the mind, 
and the evolution continues, 


1.5 Science as a means for seeking truth 
about matter matured in astronomy, physics, 
and chemistry. Sciences produce knowledge, 
and this knowledge is presented by concep- 
ts such as the principles of conservation, 
theories, and laws, However, classical 
sciences pertain to the lowest order of 
natural systems, and the connection 
between knowledge of these systems and 
human culture is linked in other but 
scientific terms, 

In order to bridge the gaps between the 
various levels of systems on the evolu- 
tionary ladder, common concepts of know- 
ledge are necessary. Constraint, as an 
organizing agent, is a concept of 
knowledge that applies to all systems 
levels. However, a concept for categories 
of constraints, that emerged with each 
new level of evolution, is also necessary 
for comprehending the constraint structure. 
This structure has grown with each succes- 
sive level of evolution, 
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Since the category of constraints of 
lower order systems has enabled the 
evolution of higher order systems, such 
a category of constraints may be looked 
upon as a ''norm.'' Sciencific laws repre- 
sent constraint systems. Most scientific 
laws for lower order systems were derived 
by means of maximization, minimization, 
or by setting matter in equilibrium. In 
terms of social sciences, we could say 
that natural systems attain their form 
by pursuing the ‘'norm of economy." 
Boulding, for instance, sees economy and 
economics in a great number of systems 
[5]. À persistent orientation toward 
economy is a norm which sets all systems 
and subsystems in an operable equilibrium 
[6]. 

The introduction of the concept of 
“norm'' in the framwwork of other scienti- 
fic concepts is essential for visualizing 
how categories of constraints are carried 
over from one level of evolution to 
another. The peculiarity of norm constra- 
ints [7] is such that these constraints 
tend to generate systems forms consistent 
with further ecolution. The concept of 
norms also enables bridging barriers 
between physical, biological, and 
psychological systems [8]. This is essen- 
tial in studying cultures as systems. 


Norms as categories of constraints 


The evolution of natural systems that 
gave rise to human culture would be 
inconceivable if the underlying processes 
were sporadic and discontinuous,. The 
continuity constraint pervades all levels 
of natural systems, 

In considering the systems operations, 
constraints may be divided into two 
categories: those required to satisfy the 
necessary conditions and those that make 
the conditions sufficient for systems 
operations, In this context, the ‘''norm!' 
concept acquires a supplementary meaning. 
If continuity is the necessary condition 
for evolution to take place, sufficiency 
conditions are to be satisfied by norm 
constraints. If, for instance, the survi- 
val of a bird were to depend on the speed 
of his flying, the efficiency of his 
flying mechanism must be sufficient for 
this purpose and, in this case, the 
efficiency norm in one of the sufficiency 
conditions for the continuity of this 
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species, Sufficiency conditions distingui- 
sh the different levels of systems. In 

the evolutionary process, norms, as 
constraint categories, define and maïntain 
the systems forms at various levels, The 
number of sufficiency requirements 
increases as the complexity of systems 
operations increases, This means that the 
number of norms categories also 

increases, 

2.1 In absence of any other knowledge, 
the earliest stages of evolution are to. 
be associated with the continuity constr- 
aint as the necessary condition. Continui- 
ty alone, however, cannot produce systems 
evolution. Some processes must take place 
for the evolution to materialize, and the 
minimal control would require that these 
processes be harmonious with continuity; 
at least minimal systems harmony is nece- 
ssary for the evolution to continue. For 
this reason, we can envision harmony as 
the most general category of constraints 
in the systems evolution. Harmony, however, 
may be attained and maintained in a number 
of different ways, and these ways are 
characterized by the norm constraints 
under which the various levels of systems 
attain their forms. 


2.2. Systems ranging from elementary 
particles of matter to a cell are organized 
by constraïints, the general characteristic 
of which is pursuing economy. Hence, the 
sufficiency conditions for the operations 
and the evolution of these systems are 
characterized by the economy norm. Harmony 
of this kind of systems is attained by 
this norm. Least work laws, conservation 
principles, and the geodesic represent 
the various manifestations of the norm of 
economy, At this level of systems, the 
order is attained by maximizing, minimiz- 
ing, and by setting in equilibrium various 
aspects of energy and matter. 

By pursuing economy, natural systems 
maintain harmony among their elements. 
Hence, the norm of economy is a more 
specific aspect of the general norm of 
harmony. By pursuing economy, planets 
prevent collision and, likewise, element- 
ary particles of matter maintain their 
orbits in the make-up of the atom. In 
these systems, the economy norm sustains 
the systems forms and enables the evolu- 
tion to prevail. 


2.3. The cell possesses operating chara- 
cteristics distinct from molecules and 
atoms. While the economy norm is carried 


over from the molecule to the cell, the 
cell consists of parts which serve 
specific functions. If these functions 
Mere not Carried out, thecell as a 
system would cease operating. Hence, the 
physiology of parts emerges as a factor 
in the operations of the cell. The norm 
characterizing the performance of these 
parts is efficiency, Efficiency is to be 
understood as the degree by which the 
system's parts perform. The degree of per- 
formance can be speed, lifting capacity, 
the capabilities of sensing mechanisms, 
and the like. 

Hence, the sufficiency conditions for 
the operations of a cell are satisfied by 
two constraint classes: the norm of 
economy and the norm of efficiency. While 
observing economy measures in their make- 
up, efficiency of parts is required for 
the continuity and evolution of the cell. 


2.4, In addition to economy and effici- 
ency noms, plants and organisms are also 
characterized by the norm of esthetics [9]. 
Some forms of these systems display extra- 
ordinary esthetic ‘''designs.'' The esthetic 
quality is a factor in the operations of 
these systems. Esthetic quality in plants 
and organisms is not merely an outcome of 
economy and efficiency constraints but 
emerges as a separate category of constr- 
aints. Typical examples are ''designs'' of 
flowers, animal appearance, and bird 
colors. This level of systems is organized 
by three major constraint categories 


represented by the norms of economy, 


efficiency, and esthetics. All these three 
norms are required to satisfy the suffi- 


ciency condition for the continuity of 
this level of systems. On the other hand, 
these norms are also three different 
aspects of harmony. Harmony is the inte- 
grative norm, pervading all systems 
levels, 


2.5. Human culture, the highest order 
system on the evolutionary ladder, disti- 
nguishes itself from organisms by its 
constraint class known as ethics. Other 
societies of biological systems also 
regard their codes of ethics, but human 
culture has attained the highest develop- 
ment, and the ethical constraints in this 
system are most profoundly manifested. 
Constraints, emanating from the codes of 
ethics of different cultures, tend to 
generate unique styles of cultures. 
Boulding states that ''Ethical systems are, 
however, the basis of culture, and indeed 


a culture can almost be defined as a 
group of people sharing a common ethical 
system.'' [10]. 

Hence, culture, as a system, is chara- 
cterized by four major norm constraints: 
the norms of economy, efficiency, esthet- 
ics, and ethics,. All these norms are also 
cemponents of harmony [11]. Together 
these four norms provide sufficiency 


conditions for the continuity and evolu- 
tion of cultures, Failure or overemphasis 
of any one of the four component norms 
may upset harmony and reduce the chances 
for that culture to continue [12]. 


2.6. To facilitate placing the four 
norms into a general scheme of organiza- 
tion of cultures, we may visualize that 
somewhere, in the organization of a given 
culture, there is located an integrator 
which reacts to the results of all imple- 
mented decisions, This instrument 
integrates the norm components of each 
implemented decision and processes data 
on the distribution of goods, services, 
and privileges to individuals in 
relationship to the resources which they 
control. 


We shall assume that the wiring of this 
mechanism is unknown at this stage and, 
for this reason, we will call it a Black 
Box [13]. This integrator is shown in 
Figure 1, Its inputs are the information 


Information on the 
Operations of Subsystems 
of a Given Culture 


©) 


HARMONY 


nc 


ETHICS ESTHETICS  EFFICIENCY ECONOMY 


Information Regarding the 


Estates of Individuals 


Fig.1 Integrator of the performance of norm constraints 
(Black Box #2) 
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on the production and distribution of 
goods, services, and the resulting 
privileges to individuals. The outputs of 
this integrator are two. One output 
instructs individuals, or classes of 
individuals, as to what they can expect 
from the culture in terms of goods, servi- 
ces, and privileges. Another output is 
provided by the norm indicators. These 
indicators show the relative performance 
of the four constraint classes: ethics, 
esthetics, efficiency, and economy. The 
uppermost indicator shows the relative 
level of harmony that prevails as the 
result of the performance of the four 
norm constraints. 

Such an integrator is not fictitious. 
On the one hand, governments are sensi- 
tive to and strive to establish a set of 
indicators for measuring the relative 
“state of the nation;'' on the other hand, 
individuals are able to assess what, in 
a given culture, their share of the 
national output and their place in the 
society would be, The integrator schemati- 
zes this process, and such an instrument 
could be built. It would be closely linked 
with what is called dimensional analysis 
in sociometry [14]. 


Function systems 


Norms, as categories of constraints, 
provide us with a coarse insight as to 
how the systems of various levels of 
evolution integrate while growing in 
complexity. The norms are carried over 
from lower levels to higher levels, An 
additional norm emerges with each succe- 
ssive step of evolution. 

Further insight regarding the occurrence 
of a new level of systems aggregation may 
be attained by examining the relationships 
between two levels of systems. Here, the 
discussion will be limited to the transi- 
tion from human organism to human culture. 

In the transition from a lower to a 
higher evolutionary level, lower level 
systems become major elements of the 
higher level system, The continuity 
constraint requires, however, that both 
levels of systems prevail. Hence, the 
operations of lower and higher level 
systems must not contradict but comprise 
the organized whole, 

Upon considering the major classes of 
human functions and the classes of func- 
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tions of human cultures, the interrelati- 
onship between these two levels of 
systems can be seen as follows: 


3,1. In order to survive and advance, 

a human being has to exercise the follow- 
ing functions: (a) to take food and to 
maintain the body within its range of 
temperature; (b) to be able to associate 
with others, to procreate, to reparespne 
body from ailments, to secure survival 

at infancy, old age, and periods of poor 
health; and (c) to acquire new knowledge 
by means of education and leisure activi- 
ties. Psychological needs of individuals 
are met in a great variety of ways, but 
all these needs are grounded in the 
exercise of the above functions. 

In order to provide themselves for these 
functions, individuals must either secure 
them within the household or organize 
them on a larger scale by aggregating 
into settlements. Human culture is the 
outcome of the latter choice. The 
following function systems have prevailed 
in time and have been more or less form- 
ally organized, 

1. Food and personal necessities 
42, Housing 

3. Health 

4, Welfare 

5, Education 

6. Leisure and recreation. 

The organizations of these function syste- 
ms have varied, and differences in the 
applications of technology and in the 
amount of organization in individual 
functions distinguished cultures from 
each other. 

3.2. In order to continue and advance, 
human cultures must exercise the following 
major functions : (a) governing, and a 
system of knowledge on the basis of which 
this governing is legitimized; (b) master- 
ing the cultural space; i.e., overcoming 
distances, channeling supplies, messages, 
and other forms of communications; and 
(c) internal and external security. 

Thus, the cultural aggregates, such as 
settlements, cities, states, and nations, 
must organize the function systems: 

1. Government 

2. Ethic forming institutions 

3. Public services and utilities 

4. Transportation and communication 

5. Internal security 

6. External security 

The evolution of function systems is 
concomitant with the evolution of civili- 
zations, and such have been formally 
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Fig.2 The decision-maker (Black Box #1) 


organized systems in different places 

and different points in time. Organization 
forms of systems distinguish one culture 
from another. Organizations of function 
Systems become more differentiated and more 
formal, as a result of advancing technolo- 


8y. 


3.3. Most decisions at the national, 
state, and city levels essentially deal 
with the organization of function systems. 
Systems operations, the relative balance 
between them, and how different classes 
of individuals are to benefit from their 
services are the major legislative 
issues, In striving for general scheme of 
representation of such processes, the 
decision-making mechanism may be visuali- 
zed as another Black Box, At this stage 
we know what the inputs, outputs, and 
what the control buttons are. However, we 
do not know the internal wiring of this 
Box. In addition to its complexity, this 
wiring is somewhat different for each 
culture. À diagram of such a Box is shown 
in Figure 2, Its inputs are the population 
resources in terms of income, time, and 
energy. Energy includes individuals! 
physical energy and knowledge, since 
knowledge can be substituted for physical 
energy. Outputs are the decision outcomes. 
Outputs represent the distribution of 
resources among function systems and the 
results of constraints imposed for contro- 
lling the accessibility to the function 
systems outputs by individuals or their 
classes. The upper set of control buttons 
represent the 12 function systems. The 
lower set of indicators show what norm 
constraints the decision-maker is working 
with and what kind of norm balance he has 
in mind at the time of decision-making. 


Essentially, Black Box #1 represents 
the decision-making process of cultural 
aggregates such as settlements, cities, 
states, or nations. It simulates both 
the intents of the decision-makers and 
their expectations in terms of the norm 
constraint performances, Such an instru- 
ment is not entirely fictitious. The 
budget represents the relative position 
of the function systems control buttons. 
Arguments of the advocates indicate what 
the expectations were either in terms of 
economy, efficiency, esthetics, or ethics. 
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Schemes of cultural organizations 


Human culture consists of three major sets 
of elements: people, things or artifacts, 
and organizations,. The attributes of 

these elements are radically distinct. 
There is no need to elaborate on differen- 
ces between man and things; however, some 
explanation is required regarding how 
organisation fits into this scheme of 
explanation. 

If we visualize an organization as a 
system of constraints which sets elements 
into a certain form, organization is an 
abstract creation; it is a system of 
information influencing the behavior of 
elements. In the simplest way, organiza- 
tion can be envisioned as a diagram 
depicting the positions of actors and 
describing their roles. Such a diagram 
is an abstract construct, and it is a 
system of information. 


4,1, At the center of all organizations 
of a given culture is the government, In 
one style of culture, government may 
involve only a limited number of people 
and things. The remaining population 
organizes itself for different purposes 
independently of the government. On the 
other extreme, the formal organization 
of cultures may involve all the individu- 
als and all things. Thus, essentially we 
may have two extreme styles of cultures: 
one possessing an organization which 
makes all the elements one whole, such 
as the ancient city-state, and the other 
possessing a limited culture-wide 
organization. 


4,2, The first type of cultural organi- 
zations may be called monomorphic. Such 
cultures are organized on the basis of a 
strong ethical doctrine, and all cultural 
forms represent one whole. The second 
extreme is a polymorphic culture. It 
consists of numerous organizations, At 
the core is the government and a bureau- 
cracy [15]. But, independently of this 
core, there are numerous other organi- 
zations. In such cultures, the multipli- 
city of organizations produces a variety 
of cultural forms. 


4,3. History has demonstrated examples 
of relatively pure types of the two 
extreme cultural organizations and a 
number of variations bet#een them. The 
general historical rhythm seems to have 
been the movement from monomorphic 
cultures to polymorphic and from poly- 
morphic back to monomorphic. Each such 
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shift was associated with major revisions 
of ethical doctrines, such as the rise 

of Christianity, reformation, and the 
like. 


Monomorphic cultures 

4,4, À diagram of monomorphic culture 
is shown in Figure 3. Typical examples 
of such cultures are the early city-states 
before their explosion [16] into regional 
agglomerates and empires, Another kind 
of example could be communes organized 
on the basis of doctrines explicitly 
stating the forms of living from which 
the individual is to benefit and evolve 
to higher levels of being. Still another 
variant of monomorphic cultures is utopi- 
an concepts of future communities: those 
envisioning either the prevalence of a 
complete knowledge as to how the living 
is to be organized, or portraying organi- 
zational structures within which all 
human activities are to be contained as 
a single endeavor leading to a known 
goal. The organization of such cultures 
may be generally described as follows: 


INDIVIDUAL 


INDIVIDUAL'S 
ESTATE 


Fig.3 Structure of a monomorphic culture 


4,5, À strong ethics doctrine provides 
the organizational basis. Monomorphic 
cultures may be built on either revealed 
(sacred) doctrines, secular doctrines, or 
explicit social contracts [17]. For this 
style of cultures, doctrines customarily 
contain a cosmogony and an explanation 
regarding man's role in it. Such doctrines 
represent a complete system of 
‘'’knowledge;'' i.e,, they provide answers 
to all questions that may be asked,. The 
tenets of such doctrines pervade the 
organization of such cultures, and these 
tenets change only insignificantly in 
time. Moreover, the doctrines stipulate 


who is to be the decision-maker and what 
are the decision-maker's rights. 


4.6. Monomorphic cultures constitute a 
single organization. All individuals are 
active members of this organization; they 
have defined roles and prescribed channels 
of communication, 

In such cultures, the decision making 
process approximates the Black Box #2. The 
balance between the 12 function systems 
is maintained on the basis of current 
needs but in accordance with the tenets of 
the doctrine. Since all individuals are 
part of the organization, there is no need 
for such question as to what is due to 
each individual. Each individual knows his 
role and the organization provides all 
that is necessary to fulfil it. 


4,7. The organization of monomorphic 
cultures is sustained by two major proce- 
sses: first, the ''school'' and, second 
pe Pritual.! 

Even without formal schools, monomorphic 
cultures had to prepare the offspring for 
living in accordance with its forms and 
doctrine. The explanation of symbols and 
their relevance in life, together with 
extensive physical exercises, were 
transmitted from generation to generation. 
In ancient cultures, the preparation for 
warfare has been part of such ‘''schools."! 

Ritual connects the abstract aspects of 
the doctrine with activity. By means of 
the ritual, the doctrine takes overt forms. 
In the ritual, the individual has the 
opportunity not only to further perceive 
but also experience the teachings of 
the doctrine. 

Production processes in monomorphic 
cultures tend to be subservient to the 
teachings of the doctrine, the ‘''schoo!l, 
sndithertritual.! 


4,8. Because of a lack of variety in 
living forms in monomorphic cultures, 
there are numerous opportunities for 
developing contradictions of thought. 
Being relatively closed organizations, in 
such cultures contradictions represent a 
decay of the system. À general tendency 
has prevailed in such cultures for elimi- 
nating contradictions rather than resolving 
them. Several of such contradiction oppor- 
tunities may be visualized by considering 
the following factors: 

The organizational form of monomorphic 

cultures is suitable only for a limited 

size of population. 

Dropouts from the ‘'school'"' and from the 


Mritual'' are also dropouts from the 

culture. 

Individuals outside the ritual tend to 

adversely influence the cultural stabi- 

lity. They provide a source of informa- 
tion which might develop contradictions 
in the system. 

Advancement in any function system tends 

to upset the existing equilibrium of 

the existing form. 

Achievements are desirable within the 

existing system and its equilibrium 

rather than inventing new things and 
providing new basis for the equilibrium 
of cultural forms. 

The above transformations are general to 
monomorphic cultures. Ultimately, each 
form contains its weakness,. Monomorphic 
cultures tend to lose their forms upon 
transgressing their original confinements, 
such as was the case with the city-states. 
Confinement of form is also a factor in 
communes and utopian constructs. Breaching 
of confinements is equivalent to explosion 
of such cultures. 


Polymorphic cultures 


4.9, In an extreme case, the multiplicity 
of organizations and forms is the chief 
characteristic of polymorphic cultures. In 
Western history, monomorphic cultures were 
replaced by polymorphic, as the result of 
the Reformation, Industrial Revolution, 
and formation of the Liberal Ethic. The 
post-industrial democracies in the Western 
Hemisphere, and especially in the United 
States, provide extreme examples of such 
cultures. We will be concerned with the 
model which approximates the ideal state 
of a polymorphic culture. Examples will 
refer to the conditions in th: United 
States. The character of polymorphic cul- 
tures can be generally described as fol- 
1ows : 


4,10. The ‘''doctrine'' of a polymorphic 
culture stipulates the essential ethical 
tenets for self-governance. The doctrine 
is represented either by an agreed upon 
document or a body of laws that has evol- 
ved in time. The ‘doctrine! is free of 
cosmogonies and is changeable by prescri- 
bed procedures. 

The ''doctrine'' generally contains tenets 
on three aspects of the cultural organiza- 
tion. First, it defines the essential 
norms pertaining to the relationships 
between the individual and the aggregate 
(the state). Second, the doctrine defines 
the functions and the form of government. 
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And, third, it stipulates a general doct- 
rine as to how the culture is to attain a 
satisfactory state of well-being. 


4,11. By establishing a government as a 
separate entity, the ''doctrine!' essentia- 
11y subdivides the culture into three 
domains. 

The first domain, in Figure 4, designa- 
ted as ‘''population,'' is where psychologi- 
cal, social, and political processes take 
place. Numerous organizations give expre- 
ssion to these processes, By regarding 
the four norm constraints (ethical, esthe- 
tic, efficient and economic) in their 
special ways, these organizations gene- 
rate a variety of living styles. Also 
expressed by means of organizations are 
the religious, social, and political 
aspects of the norms. Both the status quo 
as well as new alternatives for the esta- 
blished order are generated by the proce- 
sses of the population domain, 

The second domain is the ‘''formal 
organization,'' or government. It embraces 
all organizations that the government 
employs for self-governance. These 
organizations are bureaucracies, By this 
form, the cultural organization is to be 
predictable and responsive to the proce- 
sses that take place among the population. 

The third domain, as shown in Figure 4, 
is the domain of ‘function systems." This 
domain includes all organizations involv- 
ed in providing goods, services, and 
other necessities. By means of function 
systems, cultures attain not only their 
efficiency but also the spatial order. 
For instance, the urban form depends upon 
the arrangements of major components of 
function systems. The arrangement of 
housing facilities, retail establishments, 
transportation, and other bulk of artifa- 
cts constitute the urban plant. The well- 
being of the population depends upon the 
spatial arrangement and the efficiency of 
this plant. 


4.12, The chief difference between the 
organizations of the ''population!'' and the 
function is in the order of norms which 
they tend to stress. The organizations 
of the population domain tend to stress 
the norms in the following order of impor- 
tance: ethics, esthetics, efficiency and 
economy. On the other hand, functional 
organizations stress norms in the revers- 
ed order: namely, economy, efficiency, 
esthetics and ethics. 


4,13 The chief role of the government 
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in polymorphic cultures is to maintain 
harmony. The minimal role of the govern- 
ment in polymorphic cultures is to attend 
to the six functions: self-governance, 
ethic forming institutions, public servic- 
es, transportation, and internal/external 
security. However, in further stages of 
development the role of government tends 
to expand. With increasing population 
densities, the need of governmental inter- 
vention grows still stronger, The diver- 
ging interests of the popuation and of 
functional organizations requires inten- 
sive mitigation of conflicts and contra- 
dictions. 


4,14, The decision-making process poss- 
esses two phases: first, the allocation 
of resources and, second, their implemen- 
tation of decisions. All decisions conta- 
in the four norm constraints, whether 
intentionally or not. The two decision 
phases are influenced by pressures from 
opposite sides: population and functional 
organizations, stressing the norms in the 
opposing order. Resource allocation is 
made by legislators under the influence 
of population pressures. But, the utili- 
zation of resources is put into effect by 
function systems organizations emphasizing 
different norms. The role of the govern- 
ment is to interpret the message of the 
legislators, to transmit it to the func- 
tional organizations, and to see to it 
that the effects of the resource alloca- 
tion are those which were intended by the 
legislators. 


4,15. Personal needs and the needs of 
the aggregate are provided by function 
systems. Thus, the decision making process 
pertains mainly to the development and 
balancing of function systems. Such a 
decision making rationale is represented 
by Black Box #1, 

In Figure 4, there are two #1 Boxes. 
One is located between population and 
government, and the other between govern- 
ment and function systems. These two 
boxes represent the two phases of decisi- 
ons. The upper one represents the resource 
allocation phase made by the legislators, 
and the lower one represents decisions 
made by professionals, advocates, and 
organizations of the function systems. In 
the final outcome, the allocated and 
utilized resources become factual estates 
of individuals. The meaning of ‘''estate!' - 
in this context includes goods, services, 
and privileges. 


INDIVIDUAL 
DOCTRINE 


POPULATION: 


Psychological, Social and 
Political Processes 


FORMAL ORGANIZATION 


governmental bureaucracy 


FUNCTION SYSTEMS: 


Goods, Services, and 
Other Necessities 


Feed Back 


Individual's 
Estate 


Fig.4 Structure of a polymorphic culture 


The two phases of decisions are made not 
only by different individuals and differ- 
ent institutions, but also at different 
points in time. Moreover, two distinct 
sets of advocates provide interpretations 
as to what the outcome of different 
resource utilization would be with respect 
to the four norm components. Black Box #1 
contains only indicators of the anticipa- 
ted norm balance; the actual results of 
this balance remain unknown until the 
decisions are implemented, 

The results of implemented decisions 
are analyzed by the integrator represent- 
ed by Black Box #2, In addition to showing 
the actual norm balance, the integrator 
instructs individuals about their estates 
in the culture. The past experience in 
this culture has been such that the expec- 
tations of the norm balance, which were 
held at the time of resource allocation, 
turned out to be different from the actual 
results. 


4,16. In recent decades, the divergence 
between expected norm balance and those 
which have materialized after the imple- 
mentation of decisions was so great that 
it became necessary to institutionalize 
a new control process, As necessity dicta- 
ted and as the population perceived it 
possible, this process was to be the com- 
prehensive planning. Planning was to 
become the extension of the government 
function. Planning was to generate 
information on the basis of which of the 
two decision-making instances were to 
produce desirable and predictable results. 

In Figure 4, comprehensive planning is 
represented by Black Box #3, Essentially, 
Black Box #3 is the same as Black Box #1, 
except that the norm indicators are 
connected with the integrator designated 
as Black Box #2. By means of this feed- 
back, the comprehensive planner is suppo- 
sed to be able to simulate the expected 
norm balance for different resource 
allocation alternatives; i.e., for diffe- 
rent settings of function systems knobs,. 

Black Box #3 represents that service 
which the public and the government were 
expecting from the planning profession. 
However, after some attempts at the 
outset, most planners abdicated the comp- 
rehensive planning positions and retreated 
to advocacy roles in the two positions 
represented by Boxes #1. 

Inadequate knowledge was the reason for 
the abdication of Black Box #3 by planne- 
rs. Currently in ‘'the school of this 
culture'' there are two distinct bodies of 
knowledge: one purportedly relevant to 
the upper phase of the decision making, 
and the other to the lower phase, The 
upper constitutes social sciences and the 
lower applied sciences, such as business, 
engineering, and architecture. 

There is no body of knowledge, however, 
that connects the upper part of decision 
making with the lower part. Knowledge re- 
lating artifact systems with psychological, 
social, and political processes remains 
to be developed, 

Until such knowledge emerges within the 
culture, the console represented by Black 
Box #3 will remain inoperative, and for 
this reason, the comprehensive planning 
in reality will remain only a wish. At 
this junction, we can see the role for new 
approaches to sciences such as General 
Systems [18] and Cybernetics [19]. These 
approaches are suitable for interdiscipli- 
nary knowledge and hold the key to the 
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development of science applicable for the 
"tsteermanship'' of cultures. 


Cultural transformations 


Essential differences between cultural organizations 


Comparing the diagram of monomorphic 
cultures (Figure 3) with the diagram of 
polymorphic cultures (Figure 4), we can 
see that there are numerous possibilities 
for different cultural organizations, All 
styles of past cultures can be fitted 
between the two schemes, Even those ideas 
which are being envisioned by contemporary 
reformers could be explicated by the 
proposed schemes of cultural organizations. 
Variations of cultural styles may result 
from just a few differences in the several 
organizational blocks in the diagrams. 


5,1. The first organizational element 
is the doctrine. If the doctrine is a 
complete system of explanations, such as 
most religions are, then the remaining 
elements of the organization are bound to 
be rigid and subordinated to the tenets 
of this doctrine. Nor only ethical and 
esthetical aspects of such cultures, but 
also economic activities, are controlled 
by the doctrine, 


5.2. The second organizational instance 
where differences between cultures develop 
is the organization of function systems. 
If function systems are the exclusive 
responsibility of the government, there 
will be only one decision-making instance 
(Black Box #1) and the culture will dis- 
play monomorphic characteristics. There 
is no need for planning as it is envision- 
ed by Black Box #3, À single decision 
making instance eliminates the need for 
this element. 


5.3. The reverse applies to polymorphic 
cultures, The main characteristic of this 
style of culture is the subdivision of 
the organization into three domains: 
population, government, and function 
systems. Organizations of the population 
domain, representing the psychological, 
social, and political processes, are 
divorced from the organizations of function 
Systems. As a result of this separation, 
there are two decision-making instances 
(Black Box #1): one expressing the intent 
of the population, and the other express- 
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ing the pragmatic side of functional 
organizations. The decision-makers of the 
first instance have no vested interests in 
the second. À number of variations are 
possible in the scheme of polymorphic 
cultures, depending one the ways of 1 
mediating the differences between the two 
decision-making instances. | 


ñ 


5,4. Comprehensive planning, represented 


| 


by Black Box #3 (in Figure 4) is the 
latest addition to the organizational 
elements of polymorphic cultures. Black 
Box #3 is a simulator that shows the com- 
prehensive and long range consequences of 
decisions made at both decision-making 
instances. Comprehensive planning in poly- 
morphic cultures differs from planning in 
monomorphic cultures. In the latter style 
cultures, tenets of the cultural doctrine 
serve as a criteria for determining the 
good'' constraints. In polymorphic cultur-« 
es, the scientific evidence is to be the 
criterion for improving the individual!'s 
estate, for enhancing the effectiveness 
of the four norm constraints, and for 
maintaining harmony. Comprehensive l 
planning is to replace rational but mainly 
intuitive judgements of government | 
officials. 

The history of transitions from one 
cultural style to another has been painful. 
Transitions have occurred after wars and 
revolutions. In the evolution of poly- 
morphic cultures, comprehensive planning 
is to eliminate the need of radical sys- 
tems perturbations, 


Modulators of change 

5,5. By cultural transformation is 
understood a radical change of forms of 
relationship structure. In polymorphic 
cultures, which are open to numerous in- 
fluences, such transformations take place 
continuously and at an increasing pace 
[20]. À radical change in any one sub- 
system may have significant consequences 
upon the forms of other subsystems and 
upon the culture itself. Changes in one 
subsystem create a new environmental sit- 
uation for other subsystems and stimulate 
the overall cultural change. However, 
radical innovations and other changes 
in polymorphic systems are also subjected 
to control and modulation. 


5.6. In monomorphic cultures, changes. 
take place under radically different 
conditions than in polymorphic. The com- 
pleteness of the doctrine, as a system of 


explanation, and the close association of 
the doctrine with cultural forms develop 
strong forces of containment. The system 
becomes relatively closed, and any marked 
deviation from that which has been insti- 
tutionalized endangers the entire system. 
History contains examples to this effect 


and analysis of past situations could have 


relevance for planning communes and for 
analyzing utopian ideas. However, the 
thrust of interest of this essay is on 


contemporary cultures of the Western Hemi- 


sphere and especially the United States; 
i.e. polymorphic cultures. 


Structural modulators 


As a general rule in polymorphic cultures, 


Change is permitted and encouraged. 


However, such changes are being modulated 
by a number of means. Modulation requires 
setting the change in harmony with the 
environment of other systems by control1- 
ing the change or by adjusting interrela- 
ted systems, On the basis of the structu- 
ral characteristics of polymorphic cultu- 
res, the following factors act as modu- 
lators of change. 


5.7, Polymorphism itself is a modulat- 
or; it is a state Where various systems 
endeavour to survive and retain their 
forms. If one system undergoes a trans- 
formation, this system tends to also 
affect the forms of other systems. Re- 
sistance to this transformation by other 
systems is to be anticipated. However, if 
the transformation contains substantial 
improvements in some of the norms, 
especially economy and efficiency, these 
improvements are likely to benefit other 
systems and the transformation may take 
place without resistance; it will be 


accommodated by other systems. The poly- 


| morphic structure of such cultures serves 
| as a filter of change. It tends to pre- 
| serve its norm balance and evaluates in- 


novations in that light. 


5.8. Function systems as modulators tend 


. to restrain unprecedented changes in their 


subsystems and elements. If, in a given 
function, one subsystem would tend to 

eliminate other subsystems, this trend 
most likely would be checked. The auto- 


| mobile is a case in the transportation 
| function. It nearly eliminated other for- 


ms of ground transportation, but evidence 
is growing that this trend may be checked 
in the future. Some innovations in medi- 


| cal services are being watched carefully 


and similar examples could be found in 
other function systems. 

The change of function systems elements 
takes place at different speeds, Those 
which provide new economies or efficiency 
tend to advance faster.,. However, beyond 
a certain level, one-sided economies 
possess the potential of impairing the 
balance of other systems and the change 
may be checked, Uneven and competing 
changes of elements in the same function 
is one reason for formalizing function 
systems organizations. The Department of 
Transportation was organized because of 
a severe imbalance in various aspects of 
transportation services. Health, welfare, 
and education functions are gradually 
approaching the state of formal organi- 
zation for similar reasons. 


5,9. Self-governance institutions and 
government bureaucracy also act as 
structural modulators, The nature of the 
bureaucracy is such that it acts in f 
accordance with prescribed ways. It takes 
time to change these ways. In polymorphic 
cultures, however, numerous activities 
are outside the government control. When 
checks and modulations over such activi- 
ties become essential, government inter- 
vention is one way for achieving these 
ends. 


5.10. Only in recent years have norms 
directly acted as modulators of trans- 
formations. That which is economical is 
not always efficient and that which is 
efficient is not always satisfactory on 
ethical and esthetical grounds. Recent 
public awareness of ecological inter- 
relations, air pollution, sound pollu- 
tion, and deterioration of the visual 
environment testifies to the possibility 
that norms as modulators are to grow in 
importance. 


Doctrine and planning as modulators 


5.11. In this country, the ‘''doctrine!! 
as a modulator is formally represented by 
state courts and the Supreme Court. New 
activities may be either sanctioned or 
stopped on the grounds of morals or con- 
stitutionality. The history of the Supreme 
Court demonstrates how this institution 
in recent decades has preoccupied itself 
with the issues of change. Sometimes we 
consider that the Court itself changes. 

In essence, however, the Court adjudicates 
on the basis of the doctrine at different 
stages of cultural change, and the Court 
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changes because everything else changes. 


5,12. The institution of planning as a 
modulator is relatively new and still 
relatively impotent because of its inabi- 
lity to attain a comprehensive view and 
to generate the required information from 
such viewpoint. However, this institution 
has become an element of this culture 
and it is likely to attain a breakthrough 
in its field. Current planning, mainly in 
the role of advocacy, has only a limited 
impact as a modulator; however, the 
impact is not negligible. 

The idea of planning alone, which pre- 
vails among the public, acts as a modu- 
lator. This idea has triggered interest 
in long-range perspectives of human 
culture. Projections of future situations, 
in turn, lead to more stringent demands 
for planning. 


Cultural processes as operators of transformation 


5.13. The potential for future trans- 
formations of cultures develops mainly as 
the result of two kinds of breakthroughs: 
first, by scientific breakthroughs and, 
second, by breakthroughs in the realm of 
organizing ideas. It is custnmary to con- 
sider the latter kind of knowledge as 
distinctly different from the former. 
Essentially, it is not so. While the for- 
mer knowledge pertains to the organization 
of lower order systems, the latter per- 
tains to the organization of higher order 
systems, namely, cultures, À genuine 
breakthrough in organizing ideas may be 
as significant a contribution to the 
evolutionary process as a scientific 
breakthrough. 


However, before substantial gains in know- 
ledge can result in cultural transforma- 
tions, such knowledge must be absorbed by 
the currents of cultural processes, 
Scientific breakthroughs affect cultural 
processes after they are applied by 
function systems. This knowledge has to 
become either transportation, war devices, 
health remedies, education curriculum, or 
the like. When new knowledge is absorbed 
by function systems, these systems become 
operators in effectuating cultural change. 

A similar situation may be created by 
new organizing ideas. If a new idea or an 
organizational theory were advanced and 
if it represents theories that are accept- 
able to the population, the idea may 
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reach the stage of being institutionalised, 
and by this may induce a radical change 
in cultural structure, Future cultural 
transformations may be experienced in 
several areas of the cultural processes, 


5,14. There is a potential forvexperse 
encing radical changes in one or several 
function systems. Contemporary transporta- 
tion technology has extended the ‘''known 
space!" to the moon and beyond. Major break- 
throughs are also imminent in urban trans- 
portation facilities. This change, depend- 
ing on which direction it will go, may 
cause either implosion of current urbaniza-, 
tion forms or further explosion. Similar 
breakthroughs are imminent in other 
function systems. Major transformations in 
function system services are likely to 
change the spatial organization of cul- 
tures. Concurrently, such changes tend to 
rearrange the balance of norms and create 
new issues regarding the cultural forms. 


5,16. Attitudes regarding the control 
of function systems may change. Issues 
such as which functions are to remain 
private and which should become a public 
concern are re-emerging periodically. 
Changes of attitudes on these issues may 
alter the current structure Of "cube 
organization. If the public influence 
over this domain is to spread, govern- 
mental bureaucracy would have to expand, 
The ultimate result of this trend would 
tend to diminish the importance of 
decision making processes represented by 
Boxes #1, and increase the importance of 
Black Box #3. The transition may be 
gradual but may come in spurts similar to 
events such as the current wage and price 
control, 


5.17, In the realm of ideas, there is a 
potential for furthering cultural hetero- 
geneity by internal organizations of 
subcultures, Minority groups, followers of 
different schools of teachings, and other 
movements toward subculture differentia- 
tion may attain a scale large enough to 
affect the general structure of the cul- 
ture, Current interest in various esoteric 
teachings which provide more complete 
systems of explanations than the official 
curriculum of the ‘''school'' may change the 
realm of ideas, However, the potential of 
this trend remains obscure, 


5.18. À number of future transformations 


are possible due to the intensifying 
urbanization process, Most present metro- 
politan population are ''new urbanites,"! 
less than one generation old. Urbanization 
tends to change individuals' outlook 
toward cultural forms, and the present 
outlook is likely to change with second 
and third generations of urban population. 


5 19 Old artifacts in the city act as 
modulators and inhibitors of change. Arti- 
facts such as office buildings are designed 
for contemporary forms of organization 
communication and for the forms of other 
variable preferences,. While the variable 
elements change, the old structures tend 
to enforce their forms upon this change. 
The change has to adapt itself to the 
unchangeable form of the artifact. Like- 
wise, old housing tends to enforce the old 
styles of living upon new styles perceived 
in the environment. 


Conclusions 


A structural framework of cultural organi- 
zations has been developed, In order to 
reach explanation regarding the rise and 
operations of cultural systems, two con- 
cepts were introduced: norms as categories 
of constraints, and function systems as 
subsystems of cultural organizations. The 
differentiation between monomorphic and 
polymorphic cultures is attained by con- 
sidering the differences between doctrines 
of the two culture styles, the effect of 
the doctrines upon the organization of 
function systems, and on the balance bet- 
ween norm constraints, Cultural changes 
and transformations take place within the 
established organizational framework. The 
systems structure acts as a modulator of 
change; but processes radically enhancing 
the economy and efficiency of subsystems 
are capable of producing lasting modifica- 
tions ofithe structure itself, 

The proposed analysis framework can 
serve for further conceptualization upon 
cultural organizations. The role of com- 
prehensive planning can be explicated and 
the scope of knowledge for fulfilling this 
role can be grasped. 


Footnotes 
M ulian Huxley, (1953, p 118), states: 
MPsycho-social evolution — human his- 
tory for short — operates by cultural 


transmissions; and its units are com- 
munities based on different types of 
Culture! 

"As with animal types, in fact, so 
with cultures; advance is a more im- 
portant criterion than mere survival. 
And progressive culture is one which 
contains the needs of its own further 
transformation: "(Ibid p1235)e 
Child (1951, p 34) concludes that: 
Progress in culture has, indeed, 
taken the place of further organic evo- 
lution in the human family.'' Kiuckhohn 
(1970, p 44) finds that: "The needs 
and drives of biological man, and the 
physical environment to which he must 
adjust, provide the stuff of human 
life, but given culture determines the 
ways this stuff is handled — the 
tailoring... To some extent as Leslie 
White says, ‘Culture has a life and 
laws of its own.'"! 

Such characteristics are considered 
by some writers as ‘'universals'' in 
human life. See, for instance, the 
index of Kluckhohn (1970, p 271) and 
the indexed references. 

Constraint is understood as a basis 
for the organization of a system. See 
Ashby (1968, p 108): ''Thus the presence 
of ‘organization! between variables is 
equivalent to the existence of a con- 
straint in the product-space of the 
possibilities." 

The reader is referred to Schrodinger 
(1967, pp 99-110). 

The reader is referred to Boulding 
(1970). 

Of relevance to the ‘''norm'' concept is 
the discussion of ''good'' and ‘''bad'! 
systems by Ashby (1968, p 112): '... 
an organization is 'good' if it makes 
the system stable around an assigned 
equilibrium." 

Talcott Parsons (1966, p 19) considers 
that ''Norms'' are primarily integrative; 
they regulate the great variety of 


processes that contribute to the 
implementation of patterned value com- 
mitments.'' Parsons wrote this with 
social systems in mind. But, how about 
other ''good'' systems? 

Defined categories of norm constraints 
will enable the integration of macro 
models of cultural organizations with 
sociological models and vantage points, 
such as the Self-Image approach 
employed by Sims (1971). 


. Ellen Berscheid and Elaiïine Walster, in 
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their article ‘'Beauty and the Beast'!, 
Psychology Today, March 1972, state 
the following about people regarding 
beauty: ‘For all the talk about charac- 
ter and inner values, we assume the 
best about pretty people. And from 
grade school on there's almost no dis- 
pute about who is beautiful." 

Boulding (1970, p 17). 

Chadwick (1971, pp 127-135) discusses 
a method of goal formulation for a 
town planning problem and presents a 
diagram (developed by Batty) showing 
goaï-factor relationships. In this dia- 
gram, economy and efficiency appear as 
primary factors in both societal and 
individual goals. However, a more 
plausible diagram could be developed 
by stressing ethics of interpersonal 
relationships and the birth of a com- 
munity in this context. Esthetics as a 
factor would emerge in considering the 
forms of a given culture. 

In seeking for the origin of norms, 
one could refer to Vinfred Pareto's 
explanation of the nature of non- 
logical actions. In social processes, 
non-logical actions which he calls 
residues'' result into patterns of 
action, and these patterns tend to 
maintain a relative harmony among them- 
selves, Pareto envisages this harmony 
as a social equilibrium. 

The norm by which the action is 
judged whether it was rational or not 
Pareto considered to be 'utility''. The 
way it was understood by Pareto and by 
economists, "utility'' means the same 
as ‘‘harmony'' in this presentation. 
"Utility!" as a norm is seen by looking 
at the complex ramifications of actions 
from the economist's point of view. In 
a broad sense, however, "utility! 
includes the components of economy, 
efficiency, esthetics and ethics. 

For an explanation of the concept of 
Black Box, see Ashby (1963, Chapter 6), 


Chadwick (1971, p 104). 

Bureaucracy has been conceptualized by 
Weber. See Gerth and Mills (1946). 

Due to Mumford (1961, p 34). He consi- 
ders that ''We live in an exploding 
universe of mechanical and electronic 
inventions,....the city has burst open 
and scattered its complex organs and 
organization over the entire landscape 
.... Just the opposite happened with 
the first great expansion of civiliza- 
tion: instead of explosion of power, 


ET 


18e 


19. 
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there was rather an implosion.!! 
However, explosions were also experi- 
enced by ancient cultures such as 
Babylon, Athens, and Rome. The accumu- 
lated power in these cities burst open 
and city-states became empires. The 
mother cities declined; implosion of 
these cities began later, however, in 
a different cultural setting. 
Cultural doctrine possesses a formal 
and informal aspect. Formal aspects of 
such doctrines may be the official 
teachings of priests, written documents, 
or a set of laws which shape the basic 
structure of cultural forms. The 
informal aspect of such doctrines is 
that which Vilfred Pareto considered in 
discussing non-logical action. His 
reasoning concentrated on social pro- 
cesses from the point of view of soci- 
ology, or rather of social psychology, 
especially where he considers logical 
and non-logical action of individuals 
and groups of individuals. Culture as 
a system is not the subject matter of 
Pareto's reasoning; his observation 
rather shows how elements of the cul- 
ture doctrine have penetrated human 
minds and are influencing human beha- 
vior. He states: ."!, in anyigivemproun 
of people are a number of propositions, 
descriptive, preceptive, or otherwise. 
For example.... "Covet not thy neigh- 
bor's goods, nor thy neiïighbor's wife. 
‘Love thy neighbor as thyself.' !'Learn 
to save if you would not one day be in 
need.' Such propositions. -consertute 
theories, theologies, cosmogonies, 
systems of metaphysics, and so on. 
Viewed from the outside without regard 
to any intrinsic merit with which they 
may be credited by faith, all such 
propositions and theories are experi- 
mental facts... for the image of social 
activity is stamped on the majority of 
such propositions and theories, and 
often it is through them alone that we 


manage to gain some knowledge of the 
forces which are at work in society — 
that is, of the tendencies and incli- 
nations [sentiments] of human beings!" 
(Lopreato, 1965, p 36). 

For a general outline of General Sys- 
tems Theory, see Bertalanffy (1968). 
See Ashby (1963). 

An extensive collection of various 
instances of cultural change in the 
United States is presented by Toffler 
(1970). However, from this book one 


can realize the risk of considering 
isolated instances of change outside 
the organizational framework within 
which they take place. On the one side, 
it is difficult to prevent exaggera- 
tion; on the other side, the rationale 
for recommending remedies is lacking. 
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Thomas S. Kuhn has remarked upon the 
"number and extent of the overt disagree- 
ments between social scientists about the 
nature of legitimate scientific problems 
and methods'' (1), contrasting these with 
the ‘minimal controversies over funda- 
mentals" (2) in the natural sciences. 

He concludes that the latter studies 
benefit in this respect by accepting as 


a framework for research ‘''universally 
recognised scientific achievements that 
for a time provide model problems and 
solutions to a community of practitioners' 
(3). This framework he calls a ‘'paradigm.'' 
On behalf of the advantages of employing 
paradigms he states: 

"No natural history can be interpreted 

in the absence of at least some implicit 
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body of intertwined theoretical and 

methodological belief that permits 

selection, evaluation, and criticism (4). 

(A paradigm) need not, and in fact never 

does, explain all the facts with which 

it can be confronted (6). (0)ne of the 
things a scientific community acquires 
with a paradigm is a criterion for 
choosing problems that, while the 
paradigm is taken for granted, can be 

assumed to have solutions (7). 

This notion of a paradigm has been 
successfully applied to economics by 
Brian J. Loasby (8), who picks as his 
illustration the state of analysis of 
pricing problems. In this context he 
demonstrates that severe difficulties have 
been caused by the confusion of paradigm- 
like notions with specific theories 
properly subsumed under a paradigm. 

The present paper explores on a broader 
front the difficulties ensuing from such 
a confusion, and from a failure to 
establish clearly delineated paradigms in 
economics, In particular, the questions 
explored will include those of feedback 
analysis, specification of system bounda- 
ries, the adequacy of the concept of 
economic process (system Change), and 
the role of entropy in the latter. 


The focus of economists' attention has 
oscillated, over the years, between micro- 
economics - the study of the allocation 
of resources, especially through the 
pricing system, and macro-economics, the 
study of the level of economic activity. 


The Mercantilists, and Physiocrats of the 
Seventeenth and Eighteenth Centuries appear 
to have been the first to essay a connec- 
ted analysis of macro-economic activity. 

To the Mercantilists, the matter merit- 
ing special attention was the role of 
international trade, with a nation's 
appropriate policy seen as arranging for 
an excess of exports over imports at the 
going prices. (International trade being, 
at current prices, a zero-sum game) (9). 
While various advantages were claimed for 
the ‘''favorable balance of trade,'' one 
interesting one is that of maintaining 
sufficient markets to match productive 
capacity - a method of creating a favora- 
ble set point for the market's feedback 
system. 

The Physiocrats viewed the economy as 
centred upon agriculture, contemplating 
a more elaborate system with all other 
economic activities ancillary to agricul- 
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ture. They viewed the maintenance of an 
economic balance as a more intricate array 
of demand feedback mechanisms linking 'non- 
productive' (non-agricultural) activities 
with agriculture through a circular flow 
of spending. 

The immediate successors of the 
Mercantilists and Physiocrats, the Classi- 
cal economists, to a large extent shifted 
attention to micro-economics, the process- 
es of production, valuation, and distri- 
bution. 

One interesting Classical micro-economic 
system whose feedback loop bears macro- 
economic implications is that of David 
Ricardo (10). In his model (i.e.,“1deal= 
ized representation as distinct from a 
real situation - the economists' use of 
that term), technology, particularly that 
of agriculture, was virtually at a stand- 
still. At equilibrium population size, 
wages were the bare minimum necessary to 
maintain and propagate a working popula- 
tion of appropriate size to fill availa- 
ble jobs. If somehow a disequilibrium 
wage should prevail, it would, over a 
period of years, be returned to the set 
point of bare subsistance. If the wages 
were too low, nutritional levels would 
drop, the population would decline, and 
the consequent labor shortage would result 
in an increase of wages until the set 
point was reached. If, on the other hand, 


wWages somehow rose above the equilibrium 
level, nutritional levels would rise, with 
a consequent increase in population size. 
This would create greater demands on 
agricultural output, whose rate of increa- 
se would be less than that of the working 
population. Food price increases would 
lower the real wages (purchasing power of 
money wages) and in consequence lower 
nutritional levels would lower population 
size and restore the level of real wages 
through reductions in cost of agricultural 
production. Thus birth and death rates 
were central parts of the feedback loop. 
The set point was seen as determined 
largely by the level of technology, in 
particular input-output relations in 
agriculture. 

It was Karl Marx's discussion of economic 
change which restored an interest in 
economic process in the late Nineteenth 
Century (11). But with a few exceptions 
such as John A, Hobson (12), writers on 
economics as a matter of fact, coursed 
through a revitalized analysis of micro- 
economics in an apparent effort of 


fneoclassical' writers to counter the 
conclusions (distasteful to them) which 
Marx had wrung from the assumptions of 
Adam Smith. 

It was not until 1936, with the 
publication of John Maynard Kenyes! 
treatise on the prospects of employment 
levels (among other variables) under 
capitalism (13) that a resurgent interest 
developed in macro-economics. 

The Ricardian example of micro-economic 
feedback presented above may be supple- 
mented with a more general example of 
feedback. For example, the quantity of 
a good supplied is generally viewed as 
positively related to price, and the 
quantity demanded as negatively related. 
If, under the rigorous conditions of 
Mperfect competition'' (14) the supply and 
demand functions (quantities as functions 
of price) intersect, then at any price 
other than that represented by the inter- 
section, negative feedback will bring 
price to'that 'equilibrium' through a 
surplus or shortage of the good at the 
disequilibrium price. For any equilibrium 
price, a uniquely associated quantity is 
seen. It might be noted here that the 
equilibrium concept is borrowed from its 
parallel in physics. 

Further, micro-economists urge, profit- 
maximizing firms will mix inputs in cost- 
minimizing fashions. The relation between 
an incremental factor (input) cost and the 
corresponding increment to financial retu- 
rn must be equal for all factors, insofar 
as factor quantities may be varied 
continuously. While the negative feedback 
here is ordinarily viewed as one filtered 
by human agents rather than acting auto- 
matically, it is not difficult to trans- 
late this to the more usual feedback 
mechanism. In fact, an automatic system 
of this type is typically employed in 
petroleum refineries. 

À third underlying relation claimed by 
the micro-economist is that of ‘consumer 
equilibrium.' This holds that satisfactions 
resulting from incremental expenditures 
must bear the same ratio to one another 
as the corresponding expenditures. This 
also is limited to cases in which there 
is continuous divisibility of quantities. 
Any claims that a feedback mechanism is 
manifested here is hollow, since the 
evidence as to incremental satisfactions 
is, in circular fashion, derived from 
observed purchasing behavior, and thus 
there can be no set point. This is a matter 


troubling enough to serious economists 
that several efforts at reformulation 
have been essayed, none of them, 
unfortunately, escaping this objection. 

The macro-economic relations are some- 
what more involved, tying together 
aggregate (e.g., national) supplies and 
demands, noting the possibilities of 
deliberate monetary and fiscal policies, 
and differing flexibilities of prices. 
Depending on the level of sophistication 
of the model, one or more feedback loops 
are viewed as determining the set point 
of output as measured, for example, by 
Net National Product. 


It is worth mentioning here a signifi- 
cant application of the macro-economic 
model. One of the relations in this system 
is that of the ‘multiplier': a change in 
spending leads to further changes in the 
same direction, through a simple process 
of partial respending by recipients of 
earlier stages of spending: 


Va=NCrA 


where Y is the increment to the nation!'s 
income (and output), C is incremental con- 
sumption spending (C = eY), and À is auto- 
nomous incremental expenditure of all 
types. The multiplier effect emerges as: 


ie 
às described by R.G.D. Allen (15). Prof- 
essor Allen notes a further example of 
macro-economic feedback in the relation of 
changes in autonomous expenditure to gross 
demand for capital goods (16). 

As Oskar Lange points out (17), this 
follows ‘''the basic formula of the theory 
of regulation!', 


vs 


1 
= a multiple (ee 1) of À 


where Y is the state of output correspond- 
ing to the state of input x, S$ is the pro- 
portion of transformation, and R is the 
transmittance of a governor producing 
proportional transformation. The parallel 
is more readily seen, he notes, if the 
regulation formula is presented as: 

il 

Rent 

and thus the feedback multiplier is 
1/(1-SR). 
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The micro-economic and macro-economic 
analyses sketched above can be woven into 
a consistent whole, as long as the system 
is changing in a predictable fashion or 
(for the micro system) is static. 

A more sophisticated analysis, solving 
the large number of micro inter-relation- 
ships in a fashion permitting their use in 
a macro model, was devised by Wassily 
Leontief in the 1930's (18) and made 
operable by the introduction of electronic 
computers a decade later (19). Professor 
Leontief's ‘'input-output analysis'' notes 
the amount (or proportion) of the output 
of each of many sectors of an economy 
going to each sector (including its own) 
and correspondingly notes the sources of 
the inputs to each sector. If the matrix 
is large enough (for example, in the 
hundreds of sectors), useful information 
may be obtained concerning the inter- 
sectoral consequences of specified changes. 

Input-output analysis as well as the 
simpler analysis, depends on the mainten- 
ance Of static relationships or upon 
changes in the relationships which proceed 
in predictable fashion. Insofar as these 
simple relationships hold, the feedback 
mechanisms involved may be analyzed 
effectively, and real results obtained. 


Changes in relationships of any degree of 
complexity may be dealt with with equal 
effectiveness, if these changes can be 
specified. 

But the specification of these relation- 
ships over more than a very brief period 
of time presents severe difficulties. 
Since the relationships must be quantified, 
researchers pursuing their analysis must 
project prior data or make alternative 
assumptions concérning the data. For rea- 
sons to be discussed below, efforts to 
make economic analysis dynamic are in many 
cases doomed to failure, their neatly 
analyzed feedback mechanisms made useless 
by defects in - or the sheer impossibility 
of - projections. 


Professor Leontif has noted the problem 
thus: 
One has, unfortunately, to admit that 
neither the simpler type of economic 
theory not its most modern dynamic 
versions have brought us very far along 
the road toward detailed explanation, 
not to say prediction, of the specific 
states of the actually observed economic 
system, 
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Seldom, in modern positive science, 
has so elaborate a theoretical structure 
been erected on so shallow and narrow a 
factual foundation. Traditionally — and 
that tradition still prevails among 
mathematical and non-mathematical eco- 
nomists alike — 'pure' theory has not 
been implemented with empirical determi- 
nation of any of the numerical para- 
meters involved... [A]11 empirical 
assumptions on which such theories are 
basèd are qualitative in character and, 
at that, they are quite vague and 
general. So are the few operational pro- 
positions at which pure economic theory 
arrives! #7 (20) 


In economics, opportunities for experi- 
mental verification of theories are 
minimal, while the breadth of problems 
is substantial. The consequence has been 
a proliferating effort to generate 
mathematical models in the hope that one 
or another may add to the useful knowledge 
of the subject. 

In the middle third of the twentieth 
century,'' Paul Samuelson has noted, 

mathematics has everywhere swept through 

economics like an epidemic of measles 

Sweeping through a new continent. He who 

would occupy a chair at a great 

university, advise the Prince or the 

Chairman of the Board, must serve his 

apprenticeship in this difficult art. 

Deplore it or applaud it, the fact is 

there, like the Dead Sea or Pike's Peak." 


(21) 


Axel Leijonhufvud has put the matter 
somewhat less sympathetically: 

"It is well known (we are told by John 

Masters) that the function of cavalry 

in battle is to add tone to what would 

otherwise be an unseemly brawl. The 
same may be said for the use of mathe- 
matics in economic theoretical 
controversy.''(22). 

In mathematical models to which the 
feedback systems described above are 
applied, any errors of assumption are 
amplified and errors of analysis are, in 
significant cases, obscured by their 
level of abstraction. In particular, 
inappropriate assumptions as to market 
structure (level or lack of competition) 
can make worse than meaningless the 
feedback mechanisms designed to inform. 
(It should be noted, however, that 
economic analyses are available for 
several market structures other than the 


perfectly competitive one described above.) 

Major feedback difficulties relate to 
the appropriateness of system boundaries 
and to system change. 

Much of analytical economics is concern- 
ed with sub-systems, narrowly defined, or 
of micro-economic subsystems of a macro- 
economic system (in turn a sub-system of 
human endeavor). If there be one banner 
flown above the mansion of economics, it 
must bear the warning motto, ceteris pari- 
bus. 


Clearly delineated paradigms, permitting 
ready determination of the relation of 
sub-systems to specified systems, and of 
the economic system to the larger entropic 
system, would lay the groundwork for 
analysis of improved precision. 


The focus of economic analysis has 
returned, in recent decades, to a study of 
the level of economic activity as against 
the allocation of resources; these two 
are, of course, inter-related. The shift 
of emphasis is represented largely in an 
increased interest in dynamic economics 
which, broadly speaking, deals with 
change. While one distinguished economist 
describes economic dynamics as ‘those 
parts (of economics) where everything must 
be dated,'' (23) a more satisfying state- 
ment of the matter is: 

M(T)he elements of the economic system 

that interact at a given point in time 


are evidently the result of preceding 
configurations, and the way itself in 
which they interact is not less evidently 
influenced by what people expect future 
configurations to be ..,.. Hence we are 
led to take into account past and 


(expected) future values of our variables, 


lags, sequences, rates of change, 

cumulative magnitudes, expectations, 

and so on. The methods that aim at doing 

this constitute dynamic economics!'(24) 

Difficulties in translating economic 
variables into terms susceptible of 
precision, were mentioned above. While the 
mathematical apparatus is available and 
is put to use, there remains a problem 
beyond that of system specification. It 
lies in the effort to quantify change, or 
to project changing relationships of 
economic variables. Speculations as to 
rates of change or temporal relationships 
expressed in second or higher derivatives 
are in some cases effective projections 


of economic behavior observed over a long 
period of time. In other cases such pro- 
jections are based on brief observations, 
In still other cases the statements of 
relationships are conjectural, announced 
as such by their authors, with the reader 
implicitly advised to establish or refute 
the reliability of the proposed relation- 
ships. 

While this latter device might be viewed 
by residents of the natural sciences as 
consummate affrontery of the reader, it 
is not unusual in economics. The most 
sympathetic view is that this presents 
a variety of alternative analyses for 
professional consideration. It is readily 
seen that when an economist bases his 
analysis on conjectural relationships 
Without effort at empirical validation, 
he has committed himself to an implicit 
assertion that his set of relationships 
needs no paradigmatic framework, and that 
it stands (or hangs) by itself. 

In the effort to deal with change, it 
is ironic that the mainstream of capitalist 
economics employs a Marxian approach to 
the flow of history and of economic 
process, assuming each 'stage' or present 
condition uniquely related to that which 
preceded it. Similarly, the future is in 
general regarded as uniquely determined 
by the present, stage by stage. The 
capitalist economist made uncomfortable 
by his association with a Marxist pattern, 
might be happier if he is associated with 
the Deistic approach instead, which in 
this respect is similar. 

Thus, all in all, the feedback mechanis- 
ms which are neatly contrived to contri- 
bute to an understanding of increasingly 
complex economies, become a decreasingly 
accurate portrayal of the functioning 
of the economy. 

It was suggested earlier that one 
difficulty of the received economics is 
its predilection, when dealing with 
change, for extrapolation. While some 
simple models involve linear projection, 
others bring in complex functions. The 
difficulty with this, as noted above, is 
that economic variables, by and large, do 
not proceed in a fashion susceptible to 
this form of analysis. 

. In the Newtonian system, a universe of 
finite and knowable laws is seen, and the 
task of the alert observer is to discover 
and apply the laws. This, in essence is 
the stance taken in the received economics 
of today, 
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One example of a persisting confusion of 
the Newtonian world in the received econom- 
ics of today is that of the macro-economic 
notion of the ''circular flow of income," 
which has it that a given level of 
production will continue indefinitely if 
the associated spending flows are maintain- 
ed. Quite apart from questions stemming 
from the First Law of Thermodynamics, 
Nicholas Georgescu-Roegen points out that 
there is a general practice of represent- 
ing the material side of the economic 
process by a closed system, that is by a 
mathematical model in which the continuous 
inflow of low entropy from the environment 
is completely ignored'' (25). Noting that 
the process is not circular but uni- 
directional, he condemns ‘'the mechanistic 
epistomology, to which analytical economics 
has clung ever since its birth'' as ''solely 
responsible for the conception of the 
economic process as a closed system or 
circular flow''(26), 

It is the evolutionary nature of 
economic change which confounds even the 
finest efforts of capture it in a net of 
calculus. It is the cumulative nature of 
economic change, bound up as it is in 
technological and legal and attitudinal 
development which voids the Newtonian clo- 
sed system approach commonly reflected 
in economic analysis. The mainstream of 
economics has bypassed the Darwinian 
revolution. 

Professor Georgescu-Roegun underscores 
this point: 

In principle, we can indeed write the 

equations of any given production or 

consumption function process (if not in 

all technical details at least in a 

global form). Next we may either assemble 

all these equations into a gigantic 
system or aggregate them into a more 
manageable one. But to write any set 

of the initial equations, we must know 

the exact nature of the individual proce- 

ss to which it refers. And the rub is 
that in the long run or even in the not 
so long run the economic (as well as 

the biological) process is inevitably 

dominated by a qualitative change which 

cannot be known in advance. Life must 
rely on novel mutations if it is to 
continue its existence in an environment 
which it changes continuously and 


irrevocably. So, no system of equations 
can describe the development of an 
evolutionary process!'' (27). 


He cites David Bohm's injunction that 
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the maturity of a science must be judged 
by the ability to''consider the processes 
in which things have become what they are, 
starting out from what they once were and 
in which they continue to change and to 
become something else again in the future,!!… 
(28) and adds: 

"It is not therefore superfluous to raise 
a huge question mark in relation to the 
prevalent temper in economics to ignore 
qualitative change and even to belittle 
all preoccupations with it despite the 
fact that in the economic domain Change 
is even more the soul of what happens than 
in astrophysics.'!' (29) 

Economic change as a Darwinian process 
has indeed been belittled - but not 
ignored - by economists. Among the more 
prominent of the group who have taken note 
of the opportunities presented in the 
notion of natural selection as the agent 
of evolution are the American Institutio- 
nal economists. Two will be singled out 
here to represent the contributions of 
that group: Thorstein Veblen and John R. 
Commons. 

Professor Veblen wrote extensively on 
methodological questions relevant to 
this issue, His argument, attacking the 
accepted economic methodology of the time, 
was that its rigidity of assumptions left 
no room for the study of evolving human 
behavior whose economic aspects were the 
ostensible subject of inquiry. The 
preconceptions of economists with a natu- 
ral-law orientation precluded their fruit- 
ful investigation of change, he said. And 
for Veblen, change was the essence of 
economics, | 

“In the natural sciences,'' he noted, 

the work of the taxonomist was and 

continues to be of great value, but the 
scientists grew restless under the reg- 
ime of symmetry and system-making. They 
took to asking why, and so shifted their 
inquiries from the structure of the coral 
reefs to the structure and habits of 

life of the polyp that lives in and by 

them.'' (30) 

Similarly with economists, he urged: 
the study should turn toward the structure 
and economic habits of life of man - 
evolving, not statis; changing in manners 
unpredictable a priori. 

He taxed the ''preconception of normality"! 
(31) in the received economics, arguing 
that it is in essence an allegiance to 
“natural law (which) is felt to exercise 
some sort of a coercive surveillance over 


the sequence of events, and to give a 
spiritual stability and consistence to 
the causal relation... (32), He 
argued on behalf of economics as an 
Mevolutionary science (which is) a close- 
knit body of theory. It is a theory or 
process, of an unfolding sequence.'' (33) 
The special merits of evolutionist 
leaders, Prof. Veblen felt, lie, on the 
one hand, in their refusal to go back 
to the colourless sequence of phenomena 
and seek higher ground for their 
ultimate syntheses, and on the other 
hand, in their having shown how this 
colourless impersonal sequence of 
cause and effect can be made use of for 
theory proper, by virtue of its cumula- 
tive character. (34) 


And for the central facts of economics 
he finds a serious defect in the tradi- 
tional notion of productive goods. For 
most economists 'l'eapital (was) conceived 
as a mass of material objects serviceable 
for human use.'' He continues, "This is 
well enough for the purposes of taxonomy; 
but it is not an effective method of 
conceiving the matter for the purpose of 
a theory of developmental process ... 
productive goods are facts of human 
knowledge, skill, and predilection; that 
is to say ... prevalent habits of thought. 
(35) And he adds: 

MA11 economic change is a change in 

the economic community - a change in 

the community's methods of turning 

material things to account, This change 

is always in the last resort a change of 

habits of thought.'' (36) 


It is now three quarters of a century 
since Prof. Veblen discussed these essen- 
tial methodological questions. While in 
the past decade or two he has received 
increasing attention in the United States, 
he is still regarded by most economists 
as a man outside the pale of respectabi- 
lity. It would appear that his criticism 
of the illusory precision!" cherished by 
most practitioners of the craft, have for 
these years elevated him to relative 
obscurity. 

John R. Commons lent to the study of 
economics a rather different form of 
expertise, but one focused (as was 
Veblen's) on the nature of change. For 
Prof. Commons, economic society was held 
together by ‘working rules'' evolving 
over a period of time, and commonly accep- 
ted. Of particular interest is his notion 


of the interaction of evolving economic 
institutions (habits of thought, accepted 
ways of accomplishing economic goals) and 
the law, 

Legislation and common law combined, in 
his view, to create the economic milieu, 
one of continuing change as economic needs 
progressed. To him the basic economic 
phenomenon is the ‘''transaction,'"' a 
generalized notion of exchange of goods 
or services or of a bundle of expectations. 
The latter he considered a crucial 
economic entity. ''Economic theory began 
With a Commodity as its ultimate scienti- 
fic unit,'' Commons explains, ‘then shifted 
to a Feeling in order to explain a 
Transaction which is its practical 
problem.'' (37) 

In his exploration of the legal-economic 
notions of property and value, Prof. 
Commons found a progressively evolving 
working concept, hammered out in case law 
in the American courts. The changes he 
found (for example, an increasing 
propensity to recognize the expectation 
of income as property itself) were ones 
which facilitated the adaptation of 
economic change to societal use. 

Like Veblen, Commons found economic 
process to be evolutionary, with each 
development hinging on its precedent, and 
with no predictable line of advance visi- 
ble at any moment. 

Prof. Georgescu-Roegen provides a likely 
key to the enthusiasm with which the 
Institutional economists are frequently 
dismissed: "The job of the economist being 
that of studying a process which evolves 
faster than he can complete his profess- 
ional training, it is normal for him to 
thirst more than anyone else for the 
objectivity of Classical physics.'' (38) 

In economics as in other disciplines, 
however, the Darwinian notion of change 
may be ignored only at the peril of 
reducing the scope of the study to 
trivial Cases. 

Similarly, the Second Law of Thermo- 
dynamics can be ignored by economists only 
at the peril of triviality. While the 
generally avowed central study of econom- 
ics is that of scarcity - thus bringing 
it under the aegis of the First Law of 
Thermodynamics - the more limiting Second 
Law has largely escaped attention in this 
discipline. While it is difficult at best 
to explain a non-event, it seems likely 
that the reason for this is the discipli- 
nary apartheid which characterizes the 
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social sciences in their aloofness from 
complementary fields of endeavor. (39) 

In any case, Prof. Georgescu-Roegen, in 
his recently published distinguished book, 
The Entropy Law and the Economic Process 
(40) has amply repaired this omission. 

No attempt will be made here to summarize 
its contents - a competent summary would 
be no shorter than the book itself - but 
a few relevant notes will be drawn from 
it 

Maxwell's Demon illustrates the basic 
role of entropy in economics. For all the 
discussion through the years of this 
perverse, serious bit of humor, a major 
conclusion is the emergence of the 
‘categorical difference between shuffling 
and sorting'' (41). While sorting to 
decrease entropy is of course not possible, 
sorting in a fashion to decrease the rate 
of entropy increase is possible, and is 
a proper subject of economists' study. 

The current interest in ''ecology'' in the 
United States is leading some economists 
into this area. 

Since the world's stock of negentropy 
is, in geologic time, negligible, and is 
small even in the short span of vision 
of man, it would seem appropriate to note: 

(A) living organism is a steady-going 
concern which maintains its highly 
ordered structure by sucking low entropy 
from the environment so as to compen- 
sate for the entropic degredation to 
which it is continuously subject. 

Surprising though it may appear to common 

sense, life does not feed on mere matter 

and mere energy but — as Schrôdlinger 
aptly explaïined — on low entropy.''(43) 


The fruits that society enjoys come at 
differing negentropy cost, depending on 
their methods of production, which leads 
Prof, Georgescu-Roegen to take issue with 
notions of value which have been part of 
the received economics since the time of 
Ricardo: 

"MIt is ... thermodynamics which explains 

why the things that are useful have 

also an economic value - not to be 

confused with price. For example, land, 

although it cannot be consumed, derives 
its economic value from two facts: first, 
land is the only net with which we can 
catch the most vital form of low entropy 
for us, and second, the size of the net 
is immutable, Other things are scarce 

in a sense that does not apply to land, 

because, first, the amount of low 

entropy within our environment (at least) 
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decreases continuously and irrevocably, 


and second, a given amount of low entropy 
can be used by us only once'' (44). 


Joseph Schumpeter, while not using the 
terminology of the Second Law, discusses 
at length the technological bases of 
varying negentropy costs, focusing atten- 
tion on technological change. (45) 

The Institutional economists as well, 
while remaining terminologically aloof 
from the Second Law, devote attention to 
conditions of economic organization, , 
attitudinal and legal as well as techno- 
logical, and contribute a notion of change 
useful to the study of the rate of entropy 
increase attributable to man. As Prof. 
Georgescu-Roegen notes with regard to 
manufacturing, "it is the pace at which 
low entropy is pumped from the environ- 
ment into economic process that limits 
the pace of this process'' (46). And the 
Entropy Law, he underscores, ‘is the most 
economic of all physical laws''(47). 
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An approach to information measurement 
in individual choice: some systems 


implications 


PROFESSOR L. L. SCHKADE 
University of Texas, USA 


The process of deciding is a basic type of 
activity that is common to individuals in 
all cultures and it is usually preceded 

by some sort of information processing 

or search behavior, whether formal or 
informal. The notion that different 
cultures produce different modes of thou- 
ght is accepted generally and it follows 
that it is reasonable to suspect that 
there are observable culturally-produced 
differences in the information acquisition, 
search, and choice behaviors of individu- 
als in different cultures. Generally, 

the research methods utilized in cross- 
cultural studies have rarely been equal 

to the task, for relatively few quanti- 
tative expressions of cultural differenc- 
es have been obtained, The research 
discussed in this paper is concerned with 
attempts to measure differences in the 
information acquisition and search 
behaviors of different cultural groups and 
the expression of these differences 
quantitatively in stimulus sampling and 
information-theoretic terms. 

Pursuing the idea that information is 
involved in decision making and individu- 
als decide in terms of what they know or 
think they know, it is of some merit to 
measure how much information people use 
in making decisions in experimental 
settings and to determine whether the 
quantity of information utilized by or 
‘transmitted' to individuals in different 
cultural groups differs significantly. 
The quantity of information that may be 
considered to be sufficient for making a 
decision in one culture may be viewed as 
being inadequate in another culture, 
assuming that the identical decision pro- 
blem is presented in each case. It is 
also to be anticipated that different typ- 
es of personality exist in all cultures, 
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and that these differences may introduce 
variations in the information acquisition 
and search behaviors within cultural 
groups. 

While the experimentation discussed in 
this paper is highly specific in nature, 
the intent is to relate the quantitative 
findings to recognized cyclic-systemic 
cultural processes and states of relative- 
ly more or less evolved societies, Viewed 
in this manner, the measurement of 
information acquisition and search behavi- 
or appears to provide some empirical 
confirmation of the cultural trait matrix 
proposed by Glenn (17). 


Introduction of information in cross cultural choice experiments 


The conceptual design of the two-choice 
experiments for cross-cultural analysis 
summarized here are modifications of the 
approaches used by Bush and Mosteller (1), 
Feldman (2), and Siegel (3). The experi- 
mental design of the initial investigation 
(4,5) concerned the introduction of 
written information into a two-choice 
experiment in which the quantity of 
written information was controlled. The 
experimental task consisted of having 
subjects predict which of two symbols, a 
plus or a check, will appear in success- 
ive trials of an event series. The infor- 
mation given to subjects about the event 
series included statements about the 
relative frequency of the occurrence of 
symbols, the probability of occurence of 
the symbols and a statement of the 
statistical independence of successive 
symbols, all intended to induce a reduc- 
tion in negative recency behavior and 
prompt subjects to adopt a pure strategy 


of predicting the most probable symbol 

for all event series trials. Varying 
numbers of messages were given to selected 
subgroups with each cultural subject 
group. On the last of three event series, 
subjects were given monetary reinforceme- 
nts for correct predictions, and there 

was no cost for information. 

The results of the study, based on 
replications of the experiment in Finland, 
Mexico, and the United States, indicate 
that the more information a subject is 
given, the more likely he is to make a 
series of decisions that are rational in 
terms of expected monetary gain. There 
were, however, marked differences in the 
subject groups from the different 
cultures. Specifically, the differences 
in behaviors were expressed in terms of 
stimulus sampling analysis (6) of the 
frequency of prediction of the two 
symbols and in terms of the number of 
messages, that were acquired optionally. 
The three cultural groups did not differ 
significantly in their apparent ability 
to learn the experiment, but in terms of 
stimulus sampling analysis, Mexican 
subjects tended to be the most heavily 
influenced by prior responses rather than 
prior reinforcements in predicting the 
event series, and the converse tendency 
was observed for Finnish subjects. 
Additionally, Mexican subjects reflected 
a significantly low preference for 
acquiring messages optionally, and the 
Finnish subjects chose to have access to 
these messages most frequently. In both 
cases, North American subjects exhibited 
behaviors that appeared to be some mix- 
ture of the extremes reflected by the two 
other cultural groups, with the North 
American subjects tending to be more like 
the Finnish subjects in event series 
predictions and optional message 
acquisition. 

On the basis of the foregoing results, 
a modified experimental design was prepar- 
ed in which subjects were provided with 
access to information from three sources 
prior to each event series trial. The 
information sources consisted of a box 
with three windows in which predictions 
concerning the next symbol in the event 
series, a plus or check, would appear. 
The windows, represented as ‘consultants! 
were 60%, 40% and 80% accurate, respecti- 
vely, in predicting the event series. In 
a series of shaping trials, subjects had 
access to the predictions of all infor- 


mation sources for all trials. This series 
provided subjects with the opportunity to 
assess the relative quality of the infor- 
mation provided, Monetary reinforcements 
were given for correct predictions by 
subjects. 

Following these trials, a series of test 
trials were conducted, but subjects had 
to purchase desired information from 
the three available sources at the rate 
of 20% of the expected monetary gain for 
a correct prediction. Subjects could 
purchase information at their discretion, 
i.e., from any or none of the sources. 
This experiment was replicated in Mexico 
and in the United States by Schkade and 
McCann (7). The experimental results 
indicate that the two cultural groups, 
on the average, were equally capable of 
learning the experimental task, as 
measured by average number of correct 
predictions. On the test trials, however, 
Mexican subjects purchased 40% less 
information from sources than did North 
American subjects and appeared to settle 
upon a more consistent strategy for 
information acquisition than North 
American subjects, who alternated between 
information sources with significantly 
greater frequency. In short, the Mexican 
group performed equally well in terms of 
accuracy of predictions, acquired infor- 
mation with greater consistency, and 
utilized significantly less information 
from the sources, 

Although significant differences were 
observed in comparing the average 
behaviors of the two cultural groups, 
considerable variation in subject behavi- 
ors was observed within each of the groups. 
To investigate the possible relationship 
of different types of personality with 
individual behaviors, the Minnesota 
Multiphastic Personality Inventory was 
administered to subjects in their respec- 
tive languages, For the Mexican data, 

a canonical correlation analysis of 
discrimination (learning on the shaping 
trials) and consistency (frequency of 
alternation between information sources 
on the test trials) as criterion variables 
produced a correlation coefficient of 
0.86 with the Dependency, Responsibility, 
and Prejudice scales of the MMPI as 
predictor variables, with a chi-square 
value significant at the .005 level. In 
applying the same type of analysis to 
North American subject data, the canonical 
correlation of discrimination and 
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consistency as criterion variables with 
the Anxiety, Responsibility, and Prejudice 
scales of the MMPI yielded a correlation 
coefficient of 0,69 and chi-square value 
significant at the .005 level (8). These 
results suggest that, in addition to 
significant differences in average 
information acquisition between cultural 
groups, variations in individual subject 
behaviors are apparently associated with 
personality types. The question of what 
is actually reflected by scales of 
personality inventories need not be dis- 
cussed here, although the findings are 
apparently consistent with those of other 
studies (9,10,11,12). 


A multicultural study of stimulus sampling 


The results in obtaining quantitative 
expressions for differences in cultural 
groups prompted the continuation of this 
general type of approach to information 
measurement in individual and cross- 
cultural group choice through the utili- 
zation of an information-theoretic 
experimental design (13). The information- 
theoretic metric (14) has proved to be 
rather durable and was utilized to obtain 
measures of the absolute and relative 
amounts of information used by groups of 
subjects in India, Mexico, and the 

United States. 

In this environmental search experiment, 
subjects were able to reduce uncertainty 
or environmental entropy through sampling. 
The information-theoretic metric permits 
one to reduce information from a variety 
of manifest forms to a common denominator, 
the binary digit or bit. The experimental 
task consisted of sampling colored chips 
from each of five containers which 
constituted the search environment. Ten 
different chip-population (environmental- 
entropy) treatments were used, where the 
environmental entropy ranged from five 
to twenty-three bits. Each of the subjects 
was confronted with five treatments (or 
sets of five containers)and was asked to 
decide which of the two colors is dominant 
across the five containers in each treat- 
ment. Monetary prizes were awarded to 
subjects making the most correct decisions 
with the minimum amount of sampling 
(drawing the fewest number of chips). 

The relative amount of information 
used by a subject (or 'transmitted by 
nature!) varied according to the entropy 

of the environment. The amount of 
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transmitted information was calculated by 
multiplying the ratio of the number of 
chips drawn to the number of chips avail- 
able in the containers times the environ- 
mental entropy. The average amount of 
transmitted information per subject was 
determined by aggregating across all 
treatments (environments). À point score, 
which ranged from zero to 525, was 
computed on the basis of number of correct 
predictions and the relative number of 
chips drawn, and the prize-winning | 
subjects were determined on the basis of 
highest point scores. 

While the average amount of transmitted 
information tends to vary directly with 
environmental entropy, the average over 
all treatments for Indian subjects was 
3,13 bits and 3.29 bits for North 
American subjects. These results corres- 
pond very closely to those reported 
previously (15). Mexican subjects, however, 
selected an average of only 2.21 bits 
which is significantly less (at the .01 
level) than that for North American 
subjects (16). This result confirms 
previous findings that Mexican subjects 
tend to utilize approximately 40% less 
information in making decisions in the 
experimental situations, yet the Mexican 
subjects were equally accurate in their 
decisions, 

The accuracy of decisions was measured 
in terms of average point scores, and these 
did not differ significantly, with average 
scores of 299, 323, and 319 for Indian, 
Mexican, and North American subjects, 
respectively. The implication is that 
Mexican subjects utilized more powerful 
search heuristics than the Indian or 
North American subjects, and the cultural 
implications are intriguiging. 

A comparison of the three cultural 
groups in terms of their search behaviors 
across the treatments (as environmental 
entropy increased from five to twenty- 
three bits) indicates that the North 
American subjects acquired relatively 
greater amounts of information than 
Mexican subjects as environmental entropy 
increased. The Indian subjects acquired 
information in a pattern very similar to 
that of the North American subjects over 
the range of environments from five to 
thirteen bits (or the lower half of 
environmental entropies), but as entropy 
increased in the upper range, their sampl- 
ing behavior was similar to that of the 
Mexicans, although relatively higher by 


a factor of about 1.5. In summary, the 
Indian subjects reflected behaviors in 
stimulus sampling that appears to be a 
mixture of those exhibited by the 
Mexicans and North Americans. 

Further insight into the search behavi- 
ors of the subject groups was obtained 
through the administration of the 
Gordon Personal Profile (19) and the 
Gordon Personal Inventory (18) to all 
subjects. While it should be considered 
that the Gordons are normative to North 
Americans, some interesting comparisons 
can be made tentatively. Significant 
differences (at the .05 level) were 
obtained in comparing the mean percentile 
scores for the Ascendency, Emotional 
Stability, and Personal Relations scales 
for Mexican and North Americans. (16) 

The experimental data and the analysis of 
the Gordons tend to confirm the generali- 
zations of social anthropologists in 
comparing Anglo-American and Latin- 
American cultures. 


À comparison of the results of the 
Gordons for Indian and North American 
subjects indicates statistically signifi- 
cant differences (at the .05 level) 
in mean percentile scores for the 
Responsibility, Cautiousness, and Vigor 
scales, with the mean percentile scores 
of Indian subjects being less than those 
of North American subjects for the three 
scales, The meaning of these differences 
in relation to this experiment is not 
readily evident. 


Discussion 

The experiments discussed in this paper 
presented subjects with well-defined 
experimental tasks. Because of the nature 
of the experiments, it is likely that the 
subjects may have been more highly moti- 
vated and sensitized to available infor- 
mation than decision makers would be in 
real-world situations. The subjects in 
all the various cultural groups consisted 
of university students, and the behaviors 
of these subjects may not necessarily be 
characteristic of the general nature of 
their respective cultures. Since, however, 
identical tasks were presented to all 
groups, it does seem reasonable to assume 
that the differences in the information 
acquisition and search behavior of the 
respective groups do, in the aggregate, 
tend to reflect their respective cultural 
backgrounds. 


The quantitative findings of the studies 
discussed in this paper are highly 
consistent with the matrix of cultural 
traits proposed by Glenn (17). The 
tendency for Mexican subjects to acquire 
40% less information than North American 
subjects in the two-choice and search 
experiments is consistent with the concept 
of associative-rationalizing thought, 
where the latter is characterized by ''the 
main preoccupation of thought is to justi- 
fy conclusions previously derived from 
intuition and effect.'' This is supported 
by the result that, in stimulus sampling 
analysis, Mexican subjects tended to rely 
more heavily upon prior responses than 
prior reinforcements in predicting symbols 
in the event series of the two-choice 
experiments. The behaviors of Mexican 
subjects also suggest a trait of univer- 
salistic cultures, where ‘'reason is 
trusted more than observation,'' and it is 
generally recognized that Latin Americans 
“insist upon the importance of verbal 
reasoning and the comparative unimportance 


of observation in decision making'' (17). 
This interpretation is consistent with 
the findings of McCann (11) in comparing 
North Americans and Mexican management 
philosophies, 

The significant differences in the resu- 
1ts of the Gordons between Mexican and 
North American subjects, where Mexican 
subjects scored significantly higher on 
the Personal Relations scale seems to be 
consistent with the findings of other 
studies which indicate that Latin Americans, 
as compared to North Americans, tend to 
have relatively few friends and spend much 
time in the company of each,'' as opposed 
to North Americans who tend to spend 
relatively little time with a larger num- 
ber of friends (17). 

In contrast, North American subjects 
may be classified as being more abstrac- 
tive and case-particularistic in the 
matrix of cultural traits, as evidenced 
by the highest preference for acquiring 
information and invoking the largest 
channel capacity (in bits of information 
transmitted ) of the three cultural 
groups. Abstractive thought is characteri- 
zed by rigorous theoretical reasoning and 
through experimentation, both of which 
are suggested by the much higher preference 
for an acquisition of information by 
North American subjects in each of the 
experiments. The behavior of North 
American subjects also suggests case- 
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particularism and the influence of an 
information-impacted culture that emphasi- 
zes the calculated comparison and 
optimization of costs and benefits. In 
this culture, the emphasis is upon the 
reduction of uncertainty and a tendency 
toward ‘controlling! the environment in 
what is perceived to be a scientific 
manner. 

The interpretation of the results of 
the data obtained from the Indian subjects 
is not so easily accomplished, for these 
data seem to reflect characteristics 
suggestive of both of the other cultural 
groups. It should be noted that the 
Indian subjects were selected from South 
India, the portion of the country that 
has had the longest history of Western 
influence. In this regard, it is not 
too surprising to find that, over the 
smaller range of environmental entropies 
the Indian subjects invoke channel 
capacities that are essentially like those 
of North American subjects. The fact that 
the Indian subjects exhibited sampling 
behaviors more akin to the Mexican 
subjects for environments with higher 
entropies may be explained in terms of 
the similarities in the Mexican and 
Indian cultures in terms of the number 
of alternatives that are available 
typically to decisions makers.,. The North 
American culture, with its greater 
variety of alternatives, emphasis upon 
abstractive thought, and demands for 
optimizing choices, may indeed account 
for the greater desire by North American 
subjects for the acquisition of informa- 
tion. In contrast, in cultures where less- 
er varieties of alternatives are available, 
individuals may become accustomed to 
making choices by reducing the relative 
amount of entropy up to a point that is 
characteristic or consistent with the 
average degree of variety or alternatives 
(environmental entropy) that is most 
often encountered and then maintain a 
somewhat constant channel capacity even 
though environmental entropy (or the 
number of alternatives) increases. 

The foregoing results are highly 
supportive of the systemic view of 
evolving cultures, especially as 
expressed by the cultural trait matrix. 
These studies go a bit beyond the 
classification of culture in general terms 
by examining some apparent effects of 
personality types within cultural groups. 
While these studies are highly specific 
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in nature, the results appear to have 
significant implications for the 
structure of models of cultural systems 
in which individual behavior, cultural 
development, and institutional analysis 
can be developed. The use of the infor- 
mation-theoretic metric and the measure- 
ment of personality types does suggest 
that it is possible to evaluate the 
comparative behavior of other cultural 
systems, with the prospect that these 
approaches, coupled with other types of 
detailed examinations, can lead to a 
more comprehensive and general ethno- 
logical model of the evolvement and cyclic 
nature of cultural and social systems. 
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The relevancy of general systems theory to 
community mental health problems: 


alcoholism in particular 


DR H. D. HOLDER 
North Carolina State University, USA 


Introduction 
Historically, health has been thought of 
and responded to as essentially the 
attribute of single individuals, Problems 
of illness are treated in the individual. 
Such conceptualization fails to consider 
the social character health, particularly 
the ways various cultures establish 
acceptable levels of behavior and role 
performance relating to physical ability. 
Scheff (1966) and others have questioned 
a strictly individual basis for health 
and introduced new perspectives for health 
and illness in the context of social 


systems. The 'sick role' or a set of 
learned behavior expected of an ill 
person has been frequently described in 
social studies of mental hospitals as 
well as general medical hospitals and 
nursing homes. That is, an individual 
learns how to be ‘ill. 

Health and illness can be examined at 
a higher level of complexity from a 
systems perspective, i.e., the community 
system. The purpose of this paper is to 
outline a general systems conceptualiza- 
tion of the community and to describe how 
this conceptualization has been used in 


369 


designing community programs for mental 
health problems, specifically the preven- 
tion and control of alcohol abuse in North 
Carolina, USA. 


Community as a system: adaptation and control 


A definition of a community as a system 
has been described in an earlier paper 
(Holder and Dixon, 1971) but will be 
summarized here, 

The community can be defined as an open 
and morphogenic (adaptive) system. The 
mission of the system is to survive, i.e., 
by maintaining a sufficient level of 
organization to ensure continued viability. 
This mission requires a steady state of 
negentropy or the arrest of internal 
entropic slide. Such a definition does 
not follow geographical or territorial 
boundaries nor emphasize the raison d'etre 
of community as serving its citizens. 
Benefits to people are a part of commu- 
nity survival. but often community action 
does not actualize people nor meet needs. 

To fulfill its mission, the community 
must meet three goals: (1) produce goods 
and services for exchange with its supra- 
system (environment); (2) maintaïin a 
desired level of organization or cohesive- 
ness to carry out tasks necessary to 
enable exchange with the environment; 
and (3) maintain a state of adaptability 
for change as required by external 
(suprasystem) and internal (intrasystem) 
pressure, The basic building blocks of 
the community in this definition are 
roles which people as person systems 
occupy. These roles are defined by refe- 
rence to other roles and a set of tasks 
assigned the role, À person system may 
occupy many roles. 

Functional groupings of roles make up 
organizations which contribute to fulfil1- 
ing the three goals. People occupy roles 
both to activate a role, to carry out the 
tasks assigned, and to derive benefits 
from community participation, i.e., 
security, food, housing, social status, 
etc. For example, a man may occupy the 
role father," ''wage earner,'"" "tax payer," 
or ‘'citizen,'' each with a unique mix of 
expectations and responsibilities. 

The community must provide sufficient 
benefits to people to attract them into 
roles as well as monitor role behavior 
to assure satisfactory performance of 
tasks to fulfill its goals. The system 
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responds to deviation and seeks to supress 
any variation beyond tolerance limits. 
Some communities have high tolerance for 
variation, others small tolerance. If 
unacceptable deviation is detected, action 
is taken to bring behavior back within 
acceptable limits. 

An illustration of such a process of 
scanning individual behavior and respond- 
ing negatively or positively according to 
the perceptions and values of viewers is 
shown in Figure 1. Those who are viewed 
and responded to as ''deviant'' also in 
turn look at and analyze response to 
their behavior. This response influences 
their subsequent behavior. The individual 
(actor) transmits a set of messages which 
includes not only what he does but what he 


looks like, what he has previously done 
(that is, what the viewer remembers or 
thinks about him from the past), and 

what is occurring along with his behavior, 
such as the reaction of others. All of 
this can be represented as a collection, 
or set M, of separate messages, m. (i=1, 
2, . … ., n). This collection 

as a whole (gestalt) by any individual or 
group acting as a viewer, or scanner, 

and is then evaluated as to whether or 
not the behavior (seen as a whole) is 
expected for this individual in the curre- 
nt situation and whether or not it is 
acceptable. Thus this evaluation is based 
on ‘'what people should or should not do! 
or what behavioral expectations are 
assigned to one's position in life or his 
social role. 

Expectation and acceptability of beha- 
vior are interrelated and are here postu- 
lated as the joint criteria for determin- 
ing the response. If the behavior is 
expected and acceptable, a rewarding 
response (reinforcement) is likely to be 
given. If it is viewed as unexpected and 
unacceptable, the scanner decides whether 
to respond negatively in order to decrease 
the frequency or cessation of the behavior 
or to ignore the behavior and give no 
intentional response. 

As the individual actor and others 
receive these responses as message sets 
and respond in accordance with their own 
set of expectations, a cycle of response 
and counter response occurs. Since the 
drinker is scanning and responding to 
others, behavior intended to stop or 
punish his drinking behavior may in fact 
increase its prevalence. 

Deviancy control is often assigned to 
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specific organizations in a community 

such as law enforcement. Mental health 
organizations have also historically 

acted in a capacity of social control for 
communities. Community systems extruded 
persons who were deviant and therefore 
disturbing to the community. Those persons 
were lavelled ‘''disturbed!' or ''mentally 111"! 
and were then taken into the mental health 
system and often treated in the state 
mental hospital. Since the fifties the 
concept of mental illness in the United 
States has given way to a more positive 
view of mental health, and the mental 
health system has moved from concentra- 
tion on centralized ‘'treatment'' at a state 
hospital to more comprehensive treatment 
programs and facilities in the community. 


This move is more substantial than just 
the transference of hospital-like treatme- 
nt to a community. Instead, the mental 
health facility has become an active 
participant in and, thus, under the direct 
control of the community system. 

Acting for the community, mental health 
intervened in disturbing exchanges between 
community systems and person systems 
primarily at the individual level. Commu- 
nities have assigned mental health the 
task of keeping ‘'person systems'' in roles 
and performing tasks assigned to those 
roles in ways that are acceptable to the 
community system. 

As a community subsystem, mental health 
acts as a protector of the existence of 
the community so that it can insure its 
own survival. Since increases in the 
variety of individual behavior can threa- 
ten the current organization of the comm- 
unity, the mental health system to protect 
the community and itself acts to decrease 
variety. One significant mental health 
problem in the United States is alcoholism. 


Problem drinking as deviance 

The use of alcohol as a means to aid 
individuals in coping and to produce 
pleasure, as a part of religious ceremony, 
and in general as a part of community life 
has a history as long as man's recorded 
history, probably longer. The misuse of 
alcohol is then best defined according to 
the acceptable uses of alcohol to the 
community in which it occurs. In the 
United States, breakdowns in role expecta- 
tions surrounding the use of alcohol have 
created a serious social problem. Heavy 
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escape drinkers (people who drink nearly 
every day with five or more drinks at a 

sitting, or at least weekly with five or 
more drinks on most occasions to escape 

problems of living) are estimated to be 

about 9 percent of the adult population 

in the United States (Cahalan, Cisin and 
Crossley, 1969), 

However, again problem drinking has most 
often been viewed as strictly an indivi- 
dual and not a systems phenomenon. An 
alternative is shown in Figure 2 as a 
description of alcoholism and problem 
drinking as a systems outcome. This 
system to produce ‘'alcoholics'' illustrates 
the phases of disability, disruption, 
dysfunction, and public reaction through 
which an individual drinker and his or 


her family may move over time. 
The system is summarized in three basic 


phases: 
a) Phase I - Socially Acceptable Drink- 
ing. 
b) Phase II - Dependence Drinking (both 


acute and chronic). 
c) Phase III - Public Crisis and or 
Alcoholic Labeling. 

Phase I begins with the current drinking 
level of an individual, whether abstain- 
ing or using alcohol in any amount. If 
an individual experiences stress, social 
disruption, or transactional breakdown 
(no matter in what context or situation) 
and uses alcohol to provide escape or 
relief from the stress and breakdowns 
he experiences, he moves into Phase Il; 
if not, he continues in the outer cycle 
of Phase I, possibly developing or utili- 
zing other means (e.g., drugs) of coping. 

Phases I and II suggest that the 
experiences or crises of the drinker occur 
in nonstandard or nonuniform sequence. 
Each individual may experience any one 
or a combination of these situations in 
different sequences. 

Social disruption with family, friends, 
or employer in Phase II may lead to a 
crisis (disruption so severe or intolera- 
ble to others that public action is taken) 
and a movement into Phase III. Note, 
however, that drunken behavior may be 
tolerated or viewed as not severe enough 
to elicit public action and the drinker 
may remain in Phase II. But an increase 
in drinking increases the chances for 
a public or private crisis. 

In Phase III identification and labeling 
by a sanctioned institution or role such 
as a hospital or physician takes place. 


PRIMARY PHENOMENA 


Current 
drinking 
level 


Does the individual 
experience stresses, social 
disruption, or transactiona 
breakdown? 


SECONDARY PHENOMENA 


“"Ripple" Effects 
Physical disability? 

(intoxication, illness, 
drinking and driving ) 


Loss of 
work, 

family 
support 


Family 
requires 
public support, 
needs medical 
and mental 
health services 
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Socially 


Acceptable 
Drinking: 


PHASE I 


Public-legal interven- 
tion occur? (Arrest, 
jailing) 


| 
Ù 
| 
| 
| 
| Dependence 
| 
Ï 
| 
| 
| 
| 
| 
| 


| Does behavior of drinker upset (Acute and 
or create transactional break- (es) Chronic) 

| down or increase stress? Drinking: 
| Pl E II 

Family disruption | Does public or 

2 ROSE | private crises or 

: intervention 

disturbance | ? 

of children, _— 

wife, and/or [ Ges) (ro) € 

husband | (es) 
Ru es | 


Public crises 


Counseling and and, Alcoholic 
Therapy be Labeling: 
: PHASE III 


Stress continued 
or increased? 


Alternative coping 
mechanism to 
alcoholisæ? 


Fig.2 A model of ‘A system to produce ‘Alcoholics’ ‘” 


Legal intervention by law enforcement, 
medical intervention by physician or 
hospital, or counseling or therapy or any 
combination of these may occur, especial- 
ly if the individual is intoxicated when 
he moves into this phase, 

The determining factor in the movement 
of the drinker from Phase III back to 
Phase I or Phase II is the presence and 


continuation of stress in his experience. 
If stress continues and no alternative 
method for coping other than alcohol exi- 
sts for the individual, he will return to 
Phase II. If stress is gone or reduced 

or coping alternatives exist, then move- 
ment is back to Phase I. This conceptuali- 
zation defines problem drinking as a 
system outcome, representing a breakdown 
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in behavioral expectations surrounding the 
use of alcohol. 

Formal systems or networks have emerged 
in communities to control deviancy invol- 
ving drinking at Phase III. A diagram of 
this Public Private System for Dealing 
With Problem Drinkers'' found in North 
Carolina communities is shown in Figure 3, 
Entrance into the system from the problem 
drinking population is the same as 
entrance into Phase III. A problem drinker 
may be routed into the legal channel and 
be handled according to the rules of 
_ that subsystem or move through the non- 
legal subsystem involving private physi- 
cians, family, social agencies, and mental 
health or private hospitals. 

This network has grown via evolution 
stimulated by community response to 
deviance rather than via design. This 
system has not significantly altered 
the problem and in some cases has intensi- 
fied problem drinking through unintentio- 
nal reinforcement. 


Alcoholism programs using a systems approach 


The network in Figure 3 emerged from a 
study of problen drinking carried out for 
one region of the State of North Carolina 
by the Department of Mental Health. The 
study was a first step in the Regional 
Alcoholism Systems Project (RASP) to 
design new approaches to programs for 
alcoholism. This project is unique by 
emphasizing a systems perspective of 
alcoholism and problem drinking drawing 
on a general systems perspective of commu- 
nity as described previously. 

Using this perspective and a knowledge 
of the community network of response to 
Phase III drinking, a series of inter- 
vention points were identified in order 
to change and augment the network as 
shown in the figure which follows called 
“Points of Intervention in the Public- 
Private System for Dealing with Problem 
Drinkers,." 


The changes were directed at both the 
individual person system level in terms 
of providing specific treatment services 
as Well as at the community system level 
in terms of altering system responses to 
problem drinking. The system points for 
intervention with a description of the 
(a) problem and (b) type of intervention 
proposed are: 


General community population 

(a) Problem: General population is under- 
informed about alcohol and its effects on 
the body and generally responds in a nega- 
tive, punitive, and non-rehabilitative way 
to problem drinking, thus intensifying the 
problem. 

(b) Proposed Intervention: Increase the 
public information and awareness level 
through mass media as well as specific 
training of professionals most likely to 
contact problem drinkers such as physi- 
cians, employers, clergy, law enforcement 
officers, teachers, and public health 
nurses. 


Pre-crisis detection and referral 


(a) Problem: Problem drinking at a Phase 
II or pre-crisis level is either ignored 
or tolerated and little positive action is 
taken to prevent precipitation into a 
crisis or Phase III. 

(b) Response: Provide family counseling 
concerning early problem drinking, special 
training for ministers, social workers, 
physicians, and industrial personnel 
managers in detecting signs of early prob- 
lems, and either stimulate services for 
referrals from such groups or enable 
counseling and support services to be pro- 
vided. 


Law enforcement detection and handling 

(a) Problem: Current laws make public 
intoxication a criminal offense even if 
no other disruption occurs; there are no 
available medical detoxification services 
for public inebriate cases. 

(b) Intervention: Support changes in 
state and local laws to eliminate criminal 
offenses for public intoxication if no 
other disruption occurs, train police 
officers in effective, humanitarian tech- 
niques for handling inebriates, provide 
medical detoxification services both on 
out- and inpatient basis. 


Court processing 

(a) Problem: Court officials use few 
rehabilitative alternatives in sentencing 
or responding to cases involving problem 
drinking. 


Court offenders 

(a) Problem: No alternatives exist for 
court cases related to problem drinking 
except fine and/or jail which are a 
demonstrated failure in preventing a re- 
occurrence of problem drinking. 
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(b) Intervention: Provide rehabilitative 
services for court offenders which can be 
used in a mandatory or voluntary way by 
the courts. 


Drinking crises involving family and others 


(a) Problem: When crises (Phase II or 
III) occur, families are likely to tolerate 
the problem drinker and even reinforce 
such behavior rather than seeking help, 
Helping agencies and individuals such as 
physicians, social workers, and ministers 
also may experience the crisis but make no 
referrals to treatment or provide treatment 
themselves. 

(b) Intervention: Increase referrals of 
families and others through education and 
counseling. Inform helping agencies and 
individuals of available treatment serv- 
1Ces. 


Local intoxication whether public or private 


(a) Problem: Few medically supervised 
detoxification services exist in a commu- 
nity for inebriates except jail, private 
physicians occasionally for higher income 
patients, or community hospital emergency 
rooms rarely unless patient is admitted by 
a physician. 

(b) Intervention: Through training and 
consultation, increase the provision of 
services through local physicians and 
hospitals. Develop special programs to 
provide in- and outpatient detoxification 
to walk-in patients, law enforcement 
referrals, and others. 


Local therapy and follow-up 


(a) Problem: Few supportive or rehabili- 
tative outpatient services exist for 
problem drinkers before or after a drinking- 
related crisis. 

(b) Intervention: Increase the types and 
amount of outpatient rehabilitative serv- 
ices for sober problem drinkers via pro- 
viding more services and stimulating other 
available services such as Alcoholics 
Anonymous, pastoral counseling, etc. 


Sheltered living 

(a) Problem: Many chronic problem drink- 
ers have no family and no place to live 
which will aid them in remaining sober and 
integrating again with the community, and 
other problem drinkers while still with 
families need short term residential living 
away from family to stabilize themselves 
and family relationships. 

(b) Intervention: Develop halfway and 


sheltered living arrangements in communi- 
ties. 


Post-medical treatment referrals 


(a) Problem: Even when medical detoxifi- 
cation services are provided, patients are 
released with no subsequent entry into 
outpatient rehabilitative services; con- 
sequently for most such patients problem 
drinking continues. 

(b) Intervention: Via consultation with 
physicians and special contact programs 
with inpatients, refer patients into 
follow-up services. 


Summary 
Using a general systems perspective, a 
theory of community as an open, adaptive 
system was developed, Problem drinking 
and alcoholism are consequently seen as 
a breakdown in the role expectations of 
the community system. In the system a 
series of subsystems have evolved without 
designed interface with each other to 
control deviancy surrounding the use of 
alcohol. These subsystems as an evolved 
network have not had much success in 
preventing problem drinking or controll1- 
ing public crises involving drinking. 
Problem drinking is then seen as a systems 
outcome, and it is the system which needs 
changing. 

Use of a general 
and a knowledge of 


systems perspective 
the ''Public-Private 
System for Dealing with Problem Drinkers'! 
has suggested in a special project in 
North Carolina, USA, a variety of con- 
current intervention points in the system. 
These are systems and individual level 
interventions, designed to: 

a) alter the flow of people into problem 
drinking, 
slow the rate of early problem 
drinking precipitating a public 
crisis, 
change the manner in which community 
subsystems handle cases of problem 
drinking, and 
provide medical treatment, rehabili- 
tative and support opportunities for 
problem drinkers, to stabilize 
chronic problem drinkers and enable 
effective community participation. 
These designed interventions recognize 


b) 


c) 


d) 


the interrelatedness of the public/private 
system and that intervention only at one 
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point or with many interventions but no 
attention to interdependence or''ripple' 
effect is likely to intensify the mental 
health problem under concern: problem 
drinking and alcoholism. Without purpose- 
ful, complex attack on the problem based 
on a systems conceptualization, it is 
doubtful that current sporadic, segmented 
approaches will have much success in 
controlling or reducing the nature and 
extent of problem drinking. 

Other publications describing the RASP 
project. include: Holder, ethal,, March, 
1970; Anderson, et al., August,1970; and 
Holder vetvale, June, "1971 


References 

1. ANDERSON, Merlow, et al., "'Alcoholism: 
a systems insight', Raleigh, N.C.: 
Regional Alcoholism Systems Project 
(August 1970). 


2. CAHALAN, D., CISIN, I., and CROSSEBY, 


H., ‘American drinking practices!', New 
Brunswick: Rutgers Center of Alcohol 
Studies (1969). 


3. HOLDER, H., and DIXON, R., ‘Delivery of 


mental health services in the city of 
the future', The Am. Behavioral Scient- 
ist, pp 893-908 (July-August 1971). 


4. HOLDER, H., et al., "Evaluation 


regional systems of local alcoholism 
programs', Raleigh, N.C.: Regional 
Alcoholism Systems Project (June 1971). 
HOLDER, H., et al,, ‘Regional Alcoholism 
Systems Project', Raleïigh, N.C.-Depares 
ment of Mental Health (March 1970). 


6. SCHEFF,.T.J., "Beïng mental ere 


sociological theory', Aldine Publishing 
Company, Chicago, 111. (1966). 


Information theoretic extension of the 
cybernetic model and ecological systems 


analysis 


E. S. MACCIA and G. S. MACCIA 
Indiana University, USA 


Introduction 

The purpose of this paper is to show how 
ecological systems analysis is possible 
through the information theoretic extens- 
ion of the cybernetic model. In the first 
part of the paper it is argued that the 
cybernetic model is in need of extension 
to make possible ecological analysis. In 
the second part of the paper how infor- 
mation theory permits the required exten- 
sion is explicated. The paper ends with 
projections of such ecological analysis. 
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Limitation of the cybernetic model 

Characterizations of systems by means of 
the cybernetic model are commonplace, for 
such characterizations have proven useful 
in systems analysis. System analysis, of 
course, is a process whereby existing 
systems are controlled or new systems are 
designed. In optimizing the performance 
of a system without regard to the effects 
of the system outside itself, like the 
steersman from which it was devised, the 
cybernetic model provides the best means 


for self-preserving operations. In other 
words, the cybernetic model allows measu- 
res on how well a system does with respect 
to certain intended goals. Information 
directed toward maintenance of the 
specified goals is analyzed, while that 
not in the system is excluded from analy- 
sis. It is assumed that information fed 
back into the system is all that is 


necessary for regulation of its operations. 


Information feedback, through servomechan- 
isms corrects error in system operations 
relative to the system goals. The values 
representing the desired state of the 
system are the standards for controlling 
the system's performance. Hence, the 
cybernetic model leads to a restrictive 
use of information. Variations in the 
environment are ignored. Such inadequacy 
of the cybernetic model has been noted 
elsewhere. In 1964 Bronowski pointed out 
that the cybernetic model does not provide 
a holistic view but simply one in which 
mechanism is extended [1]. 

The restriction on information utilized 
in the cybernetic model can be illustrated 
through the usual diagrammatic represen- 
tations. À room, a heater, and a thermo- 
stat provide one of the usual representa- 


tions. See Fig.1. With the temperature 
set in the thermostat as the desired goal 
and the variations in room temperature as 
the information, the feedback loop provid- 
es the regulation on the amount of heat 


Closed Loop 


W variable 
outside 
temperature 


thermostat 


feedback É—- 


Fig.1 The cybernetic model (Modified from a diagram by 
Maurice Trask in ‘The Story of Cybernetics’, New York: 
Studio Vista/Dutton, 1971, p.15) 


produced by the heater. Variations in 
outside temperature are not part of the 
information feedback. Whatever happens 
outside the system has no effect on the 
operation of the heater. 

Given the limitation of the cybernetic 
model, it becomes clear that it cannot 
be utilized to treat of heterostatic 
equilibrium. It was Cannon who suggested 
in 1932 that heterostasis as well as 
homeostasis is a condition of equilibrium 
systems [2]. Homeostasis is system 
maintaining but heterostatis is system 
emerging. The cybernetic model giving 
a perspective for self-preserving opera- 
tions obviously gives none for change, 
differentiation, evolution, etc. 

Ecosystems do exhibit heterostatic 
equilibrium conditions, and so the 
cybernetic model is inadequate for ecolo- 
gical systems analysis. The ecologist 
concerns himself with organisms and their 
environment. The emphasis is upon inter- 
actions. For example, an ecologist might 
be concerned with aquatic communities in 
rivers or human communities in cities. 
Without a doubt pollution becomes a factor 
to study in either type of ecological 
system. Such a study demands a kinetic 
model which the cybernetic model is not. 

The geomorphological studies of Davis 
[3] and the ecological ones of Clements 
[4] introduced developmental models of 
landscape and vegetation processes. They 
characterized such processes as tending 
toward some optimum equilibrium state 
which was maïintained through compensating 
changes in the landscape or vegetation. 
Applications of such developmental models 
for systems interacting with environment 
appear in proposals for controlling 
pollution; some environmental designers 
do utilize developmental models with the 
cyclical processes of adjustment proposed 
by Davis and Clements replaced by the clo- 
sed loop of the cybernetic model [5]. 
Although the feedback loop does afford 
more adequate understanding of processes 


tending toward and maintaining some optim- 
um equilibrium state, such developmental 
processes do not adequately characterize 
ecosystems. That a kinetic rather than a 
developmental model is required for 
characterizing ecosystems was shown by 
Dewey and Nisbet [6]. They argued that a 
model which assumes landscape development 
toward stable equilibrium predetermines 
that vegetation and animal communities 
also tend toward such a state. À model 


17 


with such a structure, they aver, exclud- 
es consideration of the reciprocal action 
of animals on development of vegetation 
and of vegetation on landscapes. Drury 
and Nisbet found kinetic models more 
sensitive to the transcience models, 

In other words, the cybernetic extension 
of the developmental models of ecosystems 
leads to too definite a marking off of 
environmental factors. As an example, 
current efforts toward pollution control 
have in view maximization of economic 
benefits and avoidance of chemical 
pollution of air and temperature pollution 
of water. Industrial complexes are 
proposed in which the chemical wastes of 
one system become the raw materials of 
the other with the temperature wastes of 
all of them being utilized as agronomic 
energy sources. The ideal in such designs 
is a cyclical process of use and reuse 
monitored by feedback loops. As the brooms 
in the "Sorcerer!'s Apprentice!}, such 
complexes would reproduce themselves 
oblivious to the flood of products and 
food and their effects to both the envir- 
onment and human conditions outside them. 

The dilemma of choice when considering 
human benefit and environmental effect 
was noted by Bruch H. Hannon [7]. He show- 
ed that, in terms of energy costs and 
dollar costs, returnable bottles are 
preferable to cans or throwaway bottles. 
However, in terms of consumer convenience 
and additional profit for producers and 
merchants, throwaway bottles are prefera- 
ble. Obviously the decision for thrift or 
for convenience and profit must take into 
account the entire ecosystem of which 
humans are a part. The scope of the 
problem of environmental pollution was 
indicated by George Wald during an 
interview; he said: 

",....the environment and pollution could 

be used as a distraction from the many 

other problems we need to face. The 
environment must not be permitted to 
become a distraction. On the contrary 

it is closely interwoven with many of 

our other problems. We can't handle 

environmental problems and pollution 
apart from those other problems. They 
need to be dealt with together. So, 
though it seems politically attractive 
in some cases to turn the attention of 
the young people of this country, for 
example, the students, onto the environ- 
ment and pollution to the exclusion of 
their concern with the Vietnam war, 
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electoral politics, race relations and 
all the other problems that are 
plaguing us, that must not be allowed 
to happen. Indeed any proper concern 
for the environment involves one with 
all the other problems too.'' [8] 


Information theoretic extension 


Through the use of information theory a 
model for characterizing ecosystems can 
be presented. The model presented is 
taken from the SIGGS Theory Model [9]. 
The SIGGS Theory Model was devised from 
set theory (S), information theory (I), 
graph theory (G), and general systems 
theory (GS). 
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nus universe of discourse TP! toputness 
IST system lIPT inputness 
181 negasystem IF0!  feedoutness 
ISPI  storeputness IFP' fromputness 
FT! feedthroughness 1OPT  outputness 
IFIT  feedinness IFB'.  feedbackness 


Fig.2 Basic information properties of a system 
(Maccia and Maccia, p.99) 


Figure 2 is a diagrammatic representa- 
tion of the model, The universe of 
discourse must be marked off so that the 
system (S) can be sorted from the nega- 
system ($) in terms of set and its 
complement. Then the usual trio of input, 
output, and feedback is reinterpreted ; 
and extended. Under the usual cybernatic 
interpretation the input is what the 


system takes in. What is available to the 
system from the negasystem and how that 
relates to the input remain unknown. 
Output is what is available from the 
system. What the negasystem gets and how 
that relates to the output remains 
unknown. Feedback simply relates the 
output to the input. When toput and a 
new sense of output is added to input and 
output (now interpreted as fromput), it 
is possible to determine not only what 
the system takes in and what is available 
from the system but also what the nega- 
system takes in and what is available 
from the negasystem. Thus, 
toputness (TP) is system environment 
or the selective information (infor- 
mation which has uncertainty and so 
alternatives) on a negasystem which 
is available to the system 
inputness (IP) is the system's selective 
information 
fromputness (FP) is negasystem's 
environment or the selective infor- 


mation on a system which is available 
to the negasystem 

outputness (OP) is the negasystem's 

selective information 
With the above H measures, measures of 
flow into, through, and out of the system 
can be provided, That is to say, feedin, 
feedthrough, and feedout can be distin- 
guished, Moreover, feedback becomes a 
measure not only of the flow from from- 
put to input but also from output to toput. 
To summarize the kinds of flow: 
feediness (FI) is transmission of _ 
selective information from # to S, 
MesnT(TP, IP) 
feedthroughness (FT) is transmission of 
selective information from $ through 
BRON, A6. T(ITP;IP,FP,0P) 
feedoutness (F0) is transmission of 
selective information from S to ÿ, 
i.e. T(TP,OP) 
feedbackness (FB) is transmission of 
selective information from S to % to 
S, i.e. T#FP,OP,TP, IP) 

Given the above model the cybernetic 
model is clearly extended to deal with 
system-environment interactions. To 
relate this to the non-extended cyber- 
netic model illustration (Fig.l), Fig.3 
is introduced, Not only is the change of 
temperature in the system controlled so 
that the desired temperature set in the 
thermostat is maintained, but also chan- 
ges outside the system are utilized in 
controlling the rate of heater output. 


feedin 


input 


thermostat 


croit 
outside 
temperature 


feedback 


Fig.3 The extended cybernetic model 


The heater in the model is linked both to 
changes inside and outside the system. 
The system reacts with its environment 
producing heterostasis as well as homeo- 
stasis. Such a model characterizes dynam- 
ic interaction between a system and its 
environment. 


Projections 


With the information theoretic extension 
of the cybernetic model now in hand, how 
ecological systems analysis is possible 
can be portrayed. Toput of a system 
represents a distribution of environmental 
factors which are available for selection 
by the system as its input. In a drainage 
system, for example, the quantity of 
water, Vegetation, animals, composition of 
earth, texture of rock, amount of rainfall, 
acidity of air, and declivity of land are 
some of the conditions which determine 
the rate and extent of erosion. Cate- 
gories of these and other relevant factors 
are the toput of the drainage system. 
Other toput categories might need to be 
defined as additional factors if indust- 
rial wastes or industrial use become a 
part of the environment of the drainage 
basin; the introduction of chemicals and 
materials previously not occurring in the 
environment also are categories of toput. 
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Measures of toput at some time compared 
to the same categories of toput in input 
yield feedin measures. Continuous measures 
of feedin would provide indications of 
increasing, decreasing, or constant comm- 
onality between what is available to the 
system from its surroundings and what is 
the system. Indications of decreasing 
commonality might serve as cues toward 
possible system or environmental crises. 
In reviewing the work of Gilbert, Hack, 
Leopold and Maddox, Drury and Nisbet 
showed that effects of disturbance in a 
drainage basis are transferred from 
component to component maintaining the 
system in a moving equilibrium. Changes 
in such a system exist in all stages of 
that system with no time variation in 
adjustment. Whatever happens in one 
stage instantaneously affects all other 
stages. Findings like these indicate the 
significance of feedin measures on 
ecological systems. 

Feedout measures are analogous to feed- 
in measures. They would enable determina- 
tions of equivalence of system characteri- 
stics supplied to the environment. 
Comparisons of the categories of fromput 
with output categories would yield feed- 
out measures. Once again the example of 
the drainage basin system illustrates the 
significance of these measures, In 
drainage basins, silting affects decli- 
vity. Declivity affects the rate of flow. 
The rate of flow affects erosion. Feed- 
out of silting can indicate impending 
environmental crises of erosion, 
particularly if the material silting has 
properties other than is normally con- 
tained in the environment. 

The flow property throughputness when 
measured can serve to estimate factors 
effecting the flow of the components 
processed by the system. Throughput 
measures, therefore, enable trouble 
shooting within a system to locate 
system selectivity in its input and its 
fromput. In a drainage basin, throughput 
analysis can detect differential changes 
between one slope and another. Such 
measures would provide cues of system 
changes required to prevent unwanted 
fromput and to maintain wanted feedout. 

Storeputness is system selective infor- 
mation which is not fromput. Measures of 
this property of an ecological system 
can provide understanding of the capacity 
of a system with respect to processing 
its input. In a drainage basin, a measure 
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of its storeput would allow control of 
the rate of feedin to prevent overloading 
and so excessive erosion, flooding, or 
silting. 

Feedback as characterized in the SIGGS 
Theory Model includes fromput and output. 
Thus, feedback measures would be the 
basis for maintaining values of what the 
system supplies to its environment and 
what is utilized in the environment. 
Feedback measures necessary in a drainage 
basin system would be the amount of 
silting or wastes deposited and the 
effects of these on declivity. Regulation 
of system fromput then could be maintained 
to avoid adverse effects on the environ- 
ment. 

In the above protrayal, only some 
categories of selective information were 
used. Clearly interactions between animals 
and vegetation, and of man on animals, 
vegetation, and landscape need to be 
included in the complete ecological ana- 
lysis of a drainage system. And a cyber- 
netic model extended through information 
theory makes this possible. 


Bibliography 

1. BRONOWSKI, J., "Review of ''Brains, 
machines and mathematics'' by M.A. 
Arbib', Sci. American, pp 130-134 
(July 1964), 

2. CANNON, W.B., "The wisdom of the body!, 
W.W. Norton, Co., New York (1932). 

3. DAVIS, W.M., 'Geographical essays!, 
Ginn and Company, Boston (1909). 

4, CLEMENTS, F.E., ‘Plant succession!, 
Pub. 242, Carnegie Institution, Wash- 
ington (1916). 

5. JAMES, E.A., ‘Thermal pollution!, 
Environmental Affairs, Vol.1(2), pp 
287-297 (June 1971). 

6. DRURY, W.H., and NESBIT, Cine 
relation between developmental models 
in geomorphology, plant ecology and 
animal ecology'. Gen. Syst., Volume XVI, 
pp 57-68 (1971). 

7. HANNON, B.M., 'Bottles, cans, energy, 
Environment, V14(2), pp 11-21 (March 
1972). 

8. WALD, G., ‘Introduction to the problem: 
an interview with George Wald', Environ- 
mental Affairs, V1(1), pp 1-11. 

9, MACCIA, E.S., and MACCIA, G.S., "Devel- 
opment of educational theory derived 
from three educational theory models!,- 
Project No. 5-0638, Office of Educa- 
tion, Washington, D.C. (1966). 


SYMPOSIUM G 


GENERAL SYSTEMS IN EDUCATIONAL 
PROCESSES 


(Co-ordinator : B. H. Banathy) 


Professor Sims examines the theme of general systems in education 
at the strategic level to begin with. Next, Professor Banathy 
formulates the tactical, system theoretic analysis by reviewing 
environmental, structural and behavioural/process modelling in 
education, supported by reference to instructional/learner situa- 
tions. Dozent Akalin reviews programmed learning mechanics. 

Both D.J. van Rest and Stroud Cornock raise the issue of 
bridging the gap between arts and science through the general 
systems interdisciplinary approach. Van Rest refers in particular 
to the need for smoothing the relationships between professional 
specialists versus "the rest" whilst Cornock seeks an answer to 
Mthe suspicion with which the art world views the scientific 
community and its methods''. 

Finally, Professors Gause and Weinberg offer a schema for 
general systems'"' as a theme of education, using observation, 
condensation, modelling and manipulation. 


Some strategies for education drawn from a 
general systems perspective 


D. C. SIMS 
Department of Sociology, 
Atlanta University, USA 


PART | ' , : 
current trends in society. The paper will 

EU set briefly explore the formal and informal 

It is the intention of this paper to functions of the educational system from 

develop a strategy for education based both macro and micro perspectives and 

upon the functions of education in society analyze these functions as they may be 

and upon the needs of individuals and expected to change over time. Upon this 

social groups most likely to occur given base a synthesis of social science findings 
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relevant to educational strategies will be 
proposed. The objective would be to meet 
anticipated changes particularly the need 
to socialize for an unknown future, 
increase the problem-solving pattern recog- 
nition and synthezising capability of 
students and to increase the information 
processing skills of students, 


Nature of the present system 


A major contention of this paper is that 
the steady state parameters of the present 
educational system and the anachronistic 
nature of current practice can be starkely 
revealed if one relates the output charac- 
teristics of the system to the characteris- 
tics needed of the input of the supra-sys- 
tem to which the educational system is 
coupled. The educational system is coupled 
to a larger socio-economic environment. 
However, as I hope to demonstrate in this 
paper, the significant aspect of this sys- 
tem coupling is that feedback lag has 
become so extreme that the relevant envi- 
ronment for the educational system is not 
the emerging cybernated socioeconomic sys- 
tem, nor even the present admixture of an 
emergent system with a transitional indus- 
trial revolution system. Rather than either 
of these environments, the educational sys- 
tem is linked to a past and rapidly vanish- 
ing industrial order. 


Characteristics of the present system. A. Macro 


The nature of this coupling becomes clear 
when we examine the macro and micro func- 
tions of the educational system in rela- 
tion to their couplings with the larger 
social system. At the formal level the 
educational system is viewed as transmit- 
ting basic skills, training for adult, 
largely for occupational roles, dispersing 
crucial information and providing a common 
core of both lived and vicarious experi- 
ence, e.g. history, literature and the 
arts. At the informal level, the system is 
producing a pool of recruits with inter- 
changeable skills with roughly similar 
information and experience and with a 
similar set of expectations concerning the 
‘rules of the game' in bureaucratic and 
factory contexts [1]. The schools, like 
the factories, impart a standardized 
treatment — mass producing a standardized 
product with minimum tolerances established 
for variations in outcomes and with means 
of grading the relative acceptability of 
the product for consumption by other socio- 
economic sectors. 
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The factory analogy enables one to assess 
the extent to which the present system is 
coupled to a bygone socio-economic order. 
The informal objectives of the schools 
can be described as producing workers con- 
tent in or, at least, apathetic in,'an 
environment which offers them a minimum of 
sensory stimulation, little or no involve- 
ment in a preselected task in response to 
external threats and inducements. In 
exchange for token rewards the individual 
is trained to move en masse, on a strict. 
time schedule to perform tasks selected by 
‘'official' representatives of the system 
for the individual's benefit even if the 
tasks seem to have a remote or obscure 
relationship from the perspective of the 
individual's internalized objectives. 


Macro system problems solved by present educational practice 


The system which has been described 
directly attacks several defects of the 
pre-industrial system which serve to 
retard industrialization. Synchronized 
mass production with intensive specializa- 
tion and division of labor requires either 
a vast pool of interchangeable recruits 

or intensive socialization into a common 
set of basic skills as part of the on-the- 
job training. In non-industrialized 
countries and among neglected segments of 
the population among industrialized 
countries intensive resocialization 
practices are unavoidable [2]. 

Thus education for an industrial system 
has a highly valued informal component 
which attacks the attitudinal and cultural 
revolutionary problems of displacing the 
pre-industrial order. James S.Coleman has 
noted that in addition to combating value 
selectivity as a function of restricted 
environments, schools also broaden the 
aspirations and horizons of their charges 
through vicarious experience[3]. The 
implicit message is that as the economic 
system has changed, as technology has 
altered, then the social functions of 
education have failed to keep pace. But 
prior to treating the feedback lag problem 
and the new needs of society which are 
unfulfilled by present educational practice 
it will serve to broaden our understanding 
of the bases of a new strategy of education 
if we look at functions of the educational 
system as perceived from the micro level. 


Characteristics of the present system. B. Micro 


The view of the educational system from 
the perspective of its micro functions 
complements the macro view. There is a 
curriculum with a fixed content, a less 
fixed set of procedures, emphasis on 
standardized, competitive, individualist- 
ically-based products. Thus the educational 
situation presents itself as a largely 
authoritarian one in which the individual 
learns the appropriate cues for other- 
directed behavior. He is expected to be 
sensitive to known authorities presenting 
a content which is relatively fixed and 
inflexible to possible variations in 
interest, capability, of comparative ad- 
vantage. (See Footnote 13 on the cooling- 
out function of first day classes.) It is 
not hard to imagine an educational pro- 
cedure which would follow the interests 

of the student and attempt to broaden his 
perspective by involving him in applica- 
tions which would challenge the narrowness 
of his viewpoint -- a procedure whose 
utility will be discussed later. One finds 
instead the ‘'eurriculum'' which someone has 
parodied by noting how convenient it has 
been that all of human knowledge can be 
broken into neat segments each capable of 
treatment in thirty-two presentations of 
forty-five minutes each. 

The relatively rigid content of the 
curriculum with its no less rigid vested 
interests is accompanied largely by a 
method which emphasizes that there are a 
set of relatively unchanging best answers 
to a set of problems whose character is 
assumed to be similar to the most signifi- 
cant problems which the student is likely 
to face in the future, From the students 
view both of these aspects are significant 
in that they demonstrate that it is not 
important that one become involved in the 
asking of problems but it is important that 
the right and verifiable answer be found. 
The effects of this training in the sci- 
ences produced a parody of scientific 
method in which students struggle in lab- 
oratories to duplicate an outcome whose 
main characteristics are known in advance 
with their evaluation resting on their 
ability to carefully reproduce a desired 
product. 

With all this, it is strange that a com- 
petitive, individualistic system was main- 
tained as well as it was[4]. (The evidence 
that it was not perfectly efficacious lies 
in dropouts, failures, and a general dis- 


crepancy between the large number of 
participants and the slim numbers of 
successes'".) One might think that a sys- 
tem which forcefed large numbers at ob- 
scure activities would necessarily dampen 
its participants' enthusiasm and competit- 
iveness. However, several ingenious mech- 
anisms regulate the negative feedback from 
these processes. The chief dampening effect 
comes from the success of the system from 
disguising its failures as such. The sys- 
tem prescribes a treatment, most of the 
patients die; however, by a miraculous 
feat of selective perception, the death 

of the patient is blamed upon internal 
causes rather than the treatment. 

The successful avoidance of responsib- 
ility for those who do not respond to the 
very narrow range of available treatments 
is assisted by a competitive, individual- 
istic cultural bias. Each individual is 
inculcated with the norm that he is expect- 
ed to perform better than the average and 
many learn aspirations to be better per- 
formers than any other. In this way the 
responsibility for failure falls upon the 
individual. Unfortunately, this norm also 
insures that group projects will not be 
perceived as appropriate foci for educa- 
tional effort; one's competition is likely 
to gain all the advantage without corres- 
ponding investment--a situation paralleled 
by the difficulty in inducing firms to 
assume socialization costs. 


Cost of feedback lag 

Because the educational system has been 
remarkably successful in protecting it- 
self from tight coupling to the socioeco- 
nomic system as a whole, i.e., loose rath- 
er than tight feedback has prevailed be- 
tween educational practice and output 
utilization in suprasystems, a number of 
costs have been built into the system 
which have had delayed recognition -- to 
the extent that they have been recognized 
at al1[5]. Obviously, curricula have de- 
veloped that are only remotely related to 
their avowed intentions and rigid, bureau- 
cratic hierarchies have developed around 
key resources, freezing their utilization 
in valued patterns. Another most unfort- 
unate but unnoticed cost has been the 
failure to develop alternative treatments 
for differential skills, interests, and 
comparative advantage. À Bobby Fisher can 
find no place within an educational set- 
ting to pursue his interests in conjunction 
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with others with similar interests. Sin by 
omission is, unfortunately, very difficult 
to detect[6]. Another hidden cost is the 
opportunity cost involved in dispersing 
skewed talents throughout the population. 

One of the many problems with the present 
system, beyond the sheer waste of talent 
which it involves, is the nature of the 
skills which are generated as compared to 
the distribution of needed skills among 
the population{[7]. The obvious differences 
among different subpopulations, e.g., 
females, ethnic groups, regional groups, 
are a mere reflection of a broader pro- 
blem, the disproportionate emphasis upon 
the content of learning rather than the 
process of learning, an emphasis on inform- 
ation retention rather than selection. 
Ironically, the areas of concentration in 
current educational practice have become 
the areas most undermined by sociocultural 
change. As James Coleman (1972) notes{8]: 

Thus, two aspects of the communication 

structure of information-rich, open 

societies are destroying two classical 
functions of the school. Information 
richness removes the function of the 
school in extending the child's horizons 
through vicarious experience; and in- 
formation pluralism removes from school 
the function of shaping the child's 
values through selectivity.' 

The present methods of instruction have 
been bypassed. The technology for cyber- 
nated mass transmission of knowledge, in- 
formation and even training in skills is 
readily at hand. À centralized data bank 
of programmed instruction materials, 
taped cassettes, lectures, demonstration 
films etc. poses no technical problem to 
its creation. À combination of such a bank 
With cable or laser transmission to the 
home television equipped with a user sel- 
ection device could conceivably teach every 
basic skill and convey vast amounts of 
programmed instruction, provided that some 
means of on-line feedback were included, 
Contrast this readily available technique 
with the emphasis of current educational 
practice. The student has less participa- 
tion and control in the classroom than he 
would have under the envisioned system. 
Indeed, he is less a student under the 
present system than a trainee. 

The irony of the system becomes clearer 
when we reflect that a society with rapid- 
ly increasing rates of information obsol- 
escence, geometric increases in special- 
ization and signs of information input 
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overload places its greatest emphasis on 
the correct reproduction of information 
in its educational practice[9]. The in- 
ternal classification system of the stud- 
ent is not expected to be critical of the 
nature of the tasks nor of the information 
ordering assigned to him and to his group 
but instead to be sensitive to the rate 
at which he is producing and to his relat- 
ive approximation of the average or mean 
rate of error of the group. His level of 
aspiration is expected to remain within 
narrow boundaries; likewise, the content. 
of his aspirations -- like his cereal  =- 
are expected to be restricted to prepack- 
aged alternatives. Each individual is 
exhorted to aspire to be just a little 
bit better than the mean of his group. 
This feature has the previously mentioned 
advantage of displacing consideration of 
whether the individual's behavior con- 
tributes to or detracts from the welfare 
of the group on other dimensions except 
that of productivity[10]. 


Some problems which need to be faced 


I have alluded to several difficulties 
which need to be faced in a strategy for 
education linked to present sociocultural 
needs. Here I would like to discuss sever- 
al of these problems and a general systems 
approach relating educational practice to 
them. The most general problem of our 
emerging cybernated society, apart from 
the special difficulties induced through- 
out the system from its specific compon- 
ents, is that of the accelerating rate of 
social change itself. 

Marion Levy (1966) once wrote that the 
chief task of socialization in the mod- 
ernized societies was to prepare for an 
unknown future. There is reason to doubt 
that modernized societies have done very 
well in approximating a solution to this 
problem and some evidence (Marcuse,1955; 
Reich, 1970; Toffler, 1970) to suggest 
that they may be exacerbating an already 
serious situation. The effects of increas- 
ing specialization and division of labor, 
the increase in rates of obsolescence, 
multiplication and turnover of jobs, voc- 
ations and the distortion and redefinition 
of meanings of the tasks which are perform- 
ed within those job titles which are re- 
tained -- all these factors seem to press 
the society into fragmented groups search- 
ing for means of preserving their own 
competitive advantage. When one adds to 


this a heightened, deliberate search for 
alternative life styles by substantial 
proportions of the population who find 
that the content and style of present 
alternatives are unacceptable to them, 
the vision takes on apocalyptic proport- 
ions. Fortunately, perhaps, we retain a 
near-Orwellian experience in the mass 
media and shared relationships to large 
bureaucracies and machines as unifying 
foci to the cybernated society; however, 
the latter make their own contribution 
LEON Pres S. hé mulitiplicity of special- 
 ization has increased interdependence 
making the possibility of safely ignoring 
sources of information much lower at a 
time when the media are pouring forth a 
cascade of information. The increase in 
leisure time for a considerable proport- 
ion of the populace has also enhanced the 
generation of information by new parti- 
cipants in political and sociocultural 
change processes by expanding numbers of 
persons who might formerly have regarded 
ecological or life style issues to be 
peripheral concerns of specialists. The 
push towards ‘information input overload 
is obvious. 


PART Il 


Some strategies for the present and future 


The burden of my observations to this 
point have stressed the present nature of 
educational practice in relationship to 
the needs of present society. In brief, 

a number of problems have been traced to 
their origin in weak linkage between 
educational output and social utilization. 
In addition to weak or nonexistent feed- 
back another somewhat surprising omission 
of the educational system is the failure 
to utilize a different mixture of resour- 
ces, treatments and programs within the 
reach of a technologically advanced soc- 
iety with vast needs for diversity of 
talents. Surprise at the slow change in 
educational practice is modulated by the 
realization that a vast investment has 
been made into a relatively rigid struct- 
ure. This structure is further hampered 
by a lack of free-floating resources and 
a lack of the challenge which would be 
produced by tighter linkage to the supra- 
system. In part because of the Weberian 
and Parkinsonian tendencies of bureau- 
cracy and in part because education has 
been viewed as a consumer good, i.e., a 
luxury of the rich and an end in itself, 


it has been a long time since the assump- 
tions of the entire educational effort 
have been questioned[11]. 


Strategies of extrapolation and of transformation 


As in the case with all futuristic pre- 
dictions, the analyst of the role of 
education in the social system has the 
choice of an extrapolative, or projective 
approach or a system step-level transform- 
ation approach. In the present instance 
one can take those features which have 
been indicated as significant for the 
functioning of the educational subsystem 
and extrapolate the likely effects of the 
continuation of present trends or one can 
assume a sharp discontinuity in the trend 
over time which will reorganize the sys- 
tem on a new basis. Seemingly, both ap- 
proaches tend in the same direction: per- 
haps this is an indication of how far out 
of line with social needs educational 
practice has become? 

The factors an extrapolative approach 
would emphasize would seem to be those of 
increasing cost, increasing time spent in 
formal education for an increasing number 
of the population both proportionally and 
absolutely, and increasing discontinuity 
between processes in the educational sys- 
tem and in the larger society. In this 
sense even simple projections may argue 
that system transformation cannot be far 
off. The most significant of these factors 
seem to be those which indicate increasing 
discontinuity. 

Although the attempt to delineate the 
amount and degree of discontinuity between 
educational subsystem and other social 
units lies outside the scope of this paper, 
it is helpful to illustrate those areas 
which are the prime indicators of this 
condition. There are six different types 
of discontinuity which seem to be increas- 
ing as a function of the operation of the 
school system: 1) Between educational 
ideals and educational practice; 2)between 
family and school socialization; 3)between 
peer and classroom socialization; 4)be- 
tween formal and informal educational 
processes within the classroom and proces- 
ses without including the differential 
importance of school learning compared to 
outside, or ''real'' learning; 5) between 
school learning and employment utilization; 
6) between cognitive-rational emphases 
and personality needs over an increasingly 
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longer school term. To this list we might 
add the discrepancy between the inform- 
ation retrieval emphases of formal schoo1- 
ing and the information synthesizing needs 
of a complex society[12]. 

A strategy of education based upon ex- 
trapolation of these discontinuities would 
attempt to increase the feed-back between 
consumers of educational output and meas- 
ures of effectiveness. The prime emphasis 
would be upon improving technique -- parti- 
cularly of organizing learning to accord 
with the differential needs of the consumer 
and to improve upon the utilization of 
talent. The major attempt to reduce dis- 
continuity would probably focus upon re- 
ducing the gaps between ‘outside!'' and 
l'inside'' processes. Due to the need to 
accomodate differential talents and to 
develop skills in information regeneration 
and data processing, the needs of the 
clients would also receive greater, if 
secondary, emphasis in this strategy. 
Instead of a two-aspirin-and-rest-in-bed 
prescription for every patient as modeled 
in the lockstep, common curriculum, at- 
tempts would be made to diversify teach- 
ing technique and content to learner 
comparative advantage or deficit. In a 
systems perspective this attempt would be 
directed at increasing the diversity of 
system regulators with similar increases 
in free-floating resources in order to 
process greater environmental variety. 

One great difference between this approach 
and the alternative strategy which would 
be based upon assumptions of discontinuity 
is that the output variety would be con- 
siderably restricted. That is, the increase 
in regulative capacity would be geared to 
altering a greater range of input to ac- 
cord with a narrow range of perceived out- 
put needs of the present transitional 
stage between the industrial and cyber- 
nated bases of social organization. 


A strategy of transformation 

If one assumes a fundamental discontinuity 
in social organization will result from 
the amplification of some of these trends 
over time, then the previous approach will 
be viewed as an interesting transitional 
reformation which will last until such 
time as learners perceive that emphasis 
upon their differential talents can be 
transformed by emphases upon their dif- 
ferential interests. This conceptualizat- 
ion will be accelerated if the attempts 
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to diversify fail to significantly reduce 
the discontinuity because of the built-in 
lags between different rates of social 
change in different sectors. Under con- 
ditions in which the social bases of 
society are being rapidly altered, i.e., 
conditions in which education constitutes 
preparation for a future which is not 
only unknown in fact but also believed to 
be unknown by all participants in the 
process, teachers, administrators and 
students, then the rationale for attempt- 
ing to mold student interests by more 
refined techniques becomes an increasing- 
ly hollow legitimacy myth. 

An alternative approach to that of 
attempting to reduce perceived discontin- 
uity engéndered in the educational pro- 
cess would be a process which, somewhat 
paradoxically, attempts to accentuate 
discontinuity and to take advantage of 
the destabilizing features of perceived 
discontinuity or psychological dissonance, 
as a motivating factor in learning. Dis- 
covery of the transience of the average 
expected environment, the shortening 
Mhalf-life'', to borrow a term from physics, 
of one's knowledge and processes of deal- 
ing with the environment and images of 
self and other is an educational discovery 
of paramount significance. It calls upon 
the learner to imagine alternatives, to 
predict the range of future diversity 
and, most fundamentally, to question what 
kind of society is wanted. 

A strategy based upon a disjunctive 
approach to education requires that con- 
siderable thought be given to the nature 
of the educational milieu. If one assumes 
that all of us will be and are being af- 
fected by what Alvin Toffler has felicit- 
ously termed ‘future shock'', then the 
relative permanency of process and content 
in the formal educational system can be 
diagnosed as a source of highly probable 
error in themselves. What is needed is a 
transient educational environment which 
Will reflect the increasing diversity and 
input variance of its ecosystem: the in- 
creasing transience of friends, acquain- 
tances, vocations, workplaces and resid- 
ences. We have conditioned students in 
the past to have nearly no role in the 
selection of and control of their stud- 
ies[13] and have carefully isolated f'real!! 
world variables from the educational set- 
ting except as signaled by amputated parts 
such as demonstration machines or whirl- 
wind tours of museums and quick once-over 


ET 


Flelditrips. 

An approach which would increase both 
the diversity of the educational process 
and the relative control of students 
would utilize the school as a project 
focus for mutual interests which would 
have real world, i.e.,extra-school con- 
sequences. In cases where the area of 
interest cannot be co-ordinated with 
educational efforts, the device of simul- 
ations can be substituted -- particularly 
where students will be involved in design- 
ing the simulation of the desired system. 

The emphasis in this educational ap- 
proach would be upon the design of adapt- 
ive living environments. The emphasis 
would shift from that of training indiv- 
iduals to become tools of a technological 
mass production system to being designers 
of stable systems, advance organizers of 
environments to come. The utility of gen- 
eral systems principles and instruction 
in self-organizing systems as a common 
framework or universe of discourse seems 
so obvious as to be beyond noting. In a 
world in which life styles, moral prin- 
ciples, assumptions of interpersonal re- 
lations, and images of man and environ- 
ment are perceived to be continually in 
flux, the most valuable kinds of know- 
ledge are those which enable one to syn- 
thesize the underlying commonalities and 
shared principles which operate across 
all systems of an open or cybernetic 
nature. These will be the principles 
which provide means of adaptation to vast 
variations in content. If the need of the 
future is going to be the regeneration of 
information from relatively powerful theor- 
ies, then the power of the theory by which 
one approaches an unknown future can be 
estimated by the range of environments to 
which it is applicable. In this kind of a 
world general systems theory seems to be 
a necessity. 

It was not the intention of this paper 
to explore the tactics appropriate to the 
achievment of these goals in different set- 
tings; however, it should be borne in mind 
that the manifestations of the general 
strategy should, and in any event, will be 
shaped through interaction with the local 
educational ecosystem. Of paramount import- 
ance in this context is the average expect- 
ed environment and the norms for perceiving 
that environment which are preserved in 
each of the component subcultures. The 
emphasis should not be on a single best 
curriculum or structure but on the quality 


of learning environments -- a parallel to 
the emphasis on the ‘quality of life". 

In summary, this paper calls attention 
to the need to design learning environ- 
ments which reflect present and anticipated 
trends of a rapidly evolving society. The 
means of achieving the goal of a better 
learning environment demand starting with 
a strategy which abandons the concept of 
a School structure with limited functions 
and seeks to create an interactive system 
in its place. The new system will demand 
close interaction with the ecosystem of 
student needs and perceptions{[14], high 
parental involvement in the development of 
their children, high involvement of stud- 
ents, parents, local organizations, teach- 
ers and administrators in the development 
of their school. This emphasis on client 
feedback through peer tutoring, welcome 
parental participation and group projects 
with real world consequences is a crucial 
source of self-regulating capability. In- 
deed, we should go further to involve 
schools of education, college professors, 
and college students in this system of 
mutual development. In order to respond to 
this type of an environment the school as 
we have known it will have to be dramat- 
ically altered. Resources will have to be 
transformed from maintenance functions to 
output functions. Instead of being isolat- 
ed from an environment which allows the 
consumption of resources with only remote 
relation to feedback, the system will have 
to marshall a vast capability to meet the 
output demands of its clients. Since the 
needs of the clients will change rapidly, 
at least with respect to the slow evolve- 
ment of curriculum in recent history, the 
school will reflect the transience of the 
larger sociocultural ecosystem. But in 
the process of reflecting these trends 
the new educational system will not only 
diminish the amount of stress caused by 
its present discontinuity with the larger 
society but will also play a more positive 
role in improving our control of social 
organization and its attendant conditions 
which are as had been noted at least since 
Freud's time, the chief source of our many 
afflictions{15]. 


Notes 
1. For a more specific description of 
the coupling between primary and 

secondary learning of expectations 


see Dennis C. Sims,'Future Shock and 
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General Systems', Paper presented to 
the Southeastern Regional Meeting of 
the Society for General Systems Re- 
search, Georgia (November 1971). 
One of the more intractable aspects 
of the socialization problem in com- 
petitive market economies is the 
decision of who is to pay the costs 
of training. The external economies 
of 'raiding' to induce private enter- 
prise, or even competitive public 
enterprises for that matter, to sub- 
stitute socializing for recruitment 
practices. As social change acceler- 
ates we assume that the particular 
technical competence of an employee 
acquires ever shortening lifespans. 
Under this condition incentives for 
the firm may be reversed. The enter- 
prise may acquire an interest in 
'retooling', maintaining human capital 
as a function of the high cost of 
turnover and in the face of employee 
power, senority rules and other less 
related cultural values. 
COLEMAN,J,S.,'The Children Have Out- 
grown the Schools', Psychology Today, 
pp 72-75,82 (February 1972). 
The observation that the formal educ- 
ation system, even in the unversities 
seems to do more to hinder creative 
intellectual progress than to further 
it is one which is often made. Even 
among academics and scholars one can 
find some support for this position 
such as in this quotation: 
The mass of insufficiently connected 
experimental data was overwhelming 
here also .... I soon learned to 
scent out that which would lead to 
fundamentals and to turn aside from 
everything else, from the multitude 
of things which clutter up the mind 
and divert it from the essential. 
The hitch in this was, of course, 
the fact that one had to cram all 
this stuff into one's mind for the 
examinations, whether one liked it 
or not. This coercion had such a det- 
erring effect (upon me) that, after 
I had passed the final examination, 
I found the consideration of scient- 
ific problems distasteful to me for 
an entire year... ultr'as l'in énet, 
nothing short of a miracle that the 
modern methods of instruction have 
not yet entirely strangled the holy 
curiosity of inquiry ICS 
very grave mistake to think that the 


enjoyment of seeing and searching 

can be promoted by means of coercion 

and a sense of duty. 
SCHILLIP,P.A.(ed.)'The Beginnings of 
Albert Einstein', Intellectual Digest, 
pp 66-67,(February 1972). The quoted 
passage comes directly from an essay 
written by Einstein. See also Hermann 
Hesse. Beneath the Wheel.(New York: 
Bantam,1953,1968). Of Einstein's state- 
ment Hesse would have noted:''We have 
the consolation that among true gen- 
iuses the wounds almost always heal. 
As their personalities develop, they 
create their art in spite of school." 
(plis, 
The looseness of the feedback between 
the educational bureaucracies and 
their ecosystem may stem from limited 
competition for resources and central- 
ized control over practice and evaluat- 
ion of the effects of their practice. 
The phenomenon induces pessimism such 
as that which greeted even a high qual- 
ity, legitimately-sanctioned and com- 
prehensive investigation. When J.s. 
COLEMAN's Equality of Educational 
Opportunity Report was issued, Robert 
C.Nichols thought it would have very 
little influence on policy. Daniel P. 
Moynihan cites Nichols' observation 
that ‘''the $28 billion-a-year public 
education industry has not produced 
abundant evidence to show the differ- 
ential effects of different kinds of 
schools''. NICHOLS,R.C.,'Schools and 
the Disadvantaged', Science, V154, 
p 1314 (December 9,1966) as cited in 
D.P.MOYNIHAN, ‘Sources of Resistance 
to the Coleman Report', in HarVard 
Educational Review Board (eds.) 
Equal Educational Opportunity,Harvard 
University Press ,Cambridge :Massachu- 
setts, p 28 (1969). See also E.WYNNE's 
discussion of the system's escape from 
feedback in J.W.Guthrie and E.Wynne. 
New Models for American Education, 
Prentice-Hall, Englewood Cliffs, New 
Jersey pp 242-244 (1971). Student 
activism in the late '60's seems to 
have effected some changes in the 
operation at least of some institut- 
ions through the demonstration that 
passive acquiescence cannot be assumed 
to follow from isolation from external 
feedback. There is always the chance 
that the system is cutting off signals 
of distress which will exacerbate 
internal tensions when it isolates 
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input from output. 

It is interesting that under pressure, 
especially since 1958, to utilize man- 
power more efficiently, educational 
specialists, like their industrial 
counterparts, have turned attention 
to ‘individual differences'. From the 
perspective of a cultural analyst, 

one fascinating aspect of this recent 
trend is that frequently what is in- 
cluded in ‘individual differences! is 
defined to constitute differences in 
learning rate. The latter phenomenon 
is approached through programmed 
learning which attempts to present a 
similar content (with exceptions 
through branching) at variable rates. 
It is quite remarkable that the term 
‘individual differences' can be re- 
stricted within an ideally individual- 
istic culture to actually mean similar 
interests with different capabilities 
for achievement. 

See R.COLLINS, 'Functional and Conflict 


Theories of Educational Stratification', 


American Sociological Review V36 pp 
1002-1018 (December 1971) for a 
thoughtful commentary on the implicat- 
ions of rising educational require- 
ments for occupational entry, require- 
ments far in excess of those demanded 
by technological changes. 
‘The Children Have Outgrown the 
Échools "p.72. 
For an instructive commentary on the 
relationship between the information 
processing needs of society and organ- 
izational characteristics see H.A. 
SIMON, 'Designing Organizations for 
an Information Rich World', in Martin 
Greenberger (ed.) Computers, Commun- 
ications, and the Public Interest, 
Johns Hopkins Press,Baltimore pp 37-72 
(1971) Simon notes that: 

In a scientific culture the whole 

emphasis in 'knowing' shifts from 

storage or actual physical possess- 

ion of information to the process 

of using or having access to it. 
He calls attention to the need for 
training in the process of information 
generation from compact and powerful 
theories -- a process which could 
operate much more quickly and effic- 
iently than retrieval from storage. 
For a discussion of the theoretical 
properties of the delicate relation- 
ship between individual norm sets and 
environmental steady states see D.C,. 
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SIMS, 'Self Image as a Synthesizing 
Steady State: Norm Set Theory', Paper 
presented to a joint session of the 
American Sociological Association 

and the Society of General Systems 
Research, Denver, Colorado (August 
Lo 

Margaret Mead raises some of the 
questions which we have ignored for 
some time including the proper scope 
of schooling in relation to the home, 
the age of 'schooling', the exclusive- 
ness of 'higher' education and the 
status of students in "Questions that 
Need Asking', Teachers College Record 
(November 1961) reprinted in Problems 
and Issues in Contemporary Education: 
An Anthology from the Harvard Educat- 
ional Review and the Teachers College 
Record,Scott, Foresman, Glenville, 
Illinois pp 41-45 (1968). 

For a discussion of socialization 
discontinuities among home, child's 
peers and school see Basil Bernstein 
'A Socio-Linguistic Approach to Social 
Learning', in J.GOULD (ed.) Social 
Science Survey, Pelican, New York and 
London (1965). On the occupational 
discrepancy see Collins (1971). 

An example of this conditioning of 
students to a passive role seems to 
occur with every introductory lecture. 
Introductory, that is, first day 
lectures Sseem to belong to the class 
of entry phenomena designed to accel- 
erate resocialization through social 
comparison processes which establish 
the teacher's definition of social 
reality as the basis for student 
thinking. In this sense the first 
lecture exercises a 'cooling out! 
function as well. Perhaps some read- 
ers can recall reading the title and 
catalog description of some course 
and the accompanying feeling of 
excitement engendered by thoughts on 
the pronounced objectives and the 
area of exploration presented therein. 
However, the first day of class pre- 
sents itself in a format like that 

of a classical mystery play with a 
defined set of steps leading to the 
revelation that the content and 
nature of the course had been rede- 
fined in some obscure manner so that 
the rationale proffered for its in- 
clusion in the curriculum seemed far 
divorced from the classroom exper- 
ience. The first lecture seems to 
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have a well-defined structure in 
which students are seduced into drop- 
ping any conceptions they might have 
had of the nature of the subject and 
deferring their intellectual gratif- 
ications into the indefinite future. 
For those who make it through such 

a pacification program the future 
arrives When they have completed 
their graduate studies and have been 
certified as 'safe' within the bounds 
of the discipline. In this state 

they are unlikely to raise embarrass- 
ing questions about the underlying 
paradigm of their 'field', and to 

do ‘productive! research which will 
extrapolate known processes in some 
perfectly acceptable and moderately 
innovative fashion. 

For a good presentation of design for 
such a system see L.CRAIG WILSON The 
Open Access Curriculum, Allyn and 
Bacon Inc.,Boston (1971). 

SIGMUND FREUD Civilization and Its 
Discontents (Tr. and ed.James Strach- 
ey) W.W.Norton, New York (1961). 
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We live in the systems age, facing a curi- 
ous paradox. While our progress is marked 
and measured by the ever increasing com- 
plexity and efficiency of the various 
systems which we build, our survival 
depends upon solving the myriad of environ- 
mental and social problems which have 
emerged as by-products of our technological 
progress. Many of us are concerned that the 
phenomenal results of systems applications 
to technology be matched with the applica- 
tion of sÿStems thinking and systems theory 
to humanistic endeavors, such as education. 

During recent years, a good number of 
attempts have been made to introduce sys- 
tems application to the solution of educa- 
tional problems. These applications have 
usually been implemented as prescriptive 
strategies or steps of systems approaches. 
Consequently, our work has often been 
rather sketchy because we have been opera- 
ting on the surface of educational problems. 
As we learned more about systems, as we 
worked with systems concepts and principles 
and applied them to education, we have 
recognized that the application of system 
approaches, without a corresponding under- 
standing of underlying systems concepts, 
principles, and models, is like performing 
surgery — by following a checklist — 
without medical training. 

Systems applications are needed at all 
levels of education; in the classroom, in 
developing instructional programs, in 
their administration and management, and 
in educational planning and policy making. 
To design and implement such applications, 
however, we need to understand those con- 
cepts and principles upon which systems 
applications are based. We should be able 
to conceptualize, plan, and manage our 
educational involvement and programs as 
systems; we should acquire a systems view 
of education. 

In order to facilitate an understanding 
of the concepts and principles which under- 
lie system application in education, I have 


constructed three general systems models 
from salient concepts and principles 
exposited in systems theory. I have trans- 
formed these three models into the domain 
of education [1]. In this paper, I shall 
present an overview of the models and pro- 
vide an example of their application. 
[First, however, a few definitions are 
in order. Systems concepts are definitions 
of such items as: 'input', 'output', 'feed- 
back', ‘'relationships' and 'integration'. 
À systems principle is essentially a law, 
such as ‘the more open the system, the more 
kinds of input it has to cope with'. A 
systems model is a theoretical scheme which 
displays relationships between a set of 
principles. À systems view is attained as 
we integrate concepts, principles and 
models in our thinking; as we learn to look 
at ourselves, at the environment we live 
in, the entities which surround us, and of 
which we are a part, in a new way — the 
systems way.] 

There are various ways to arrange systems 
concepts and principles into systems models. 
I have found it useful in my research to 
organize them into three complementary 
mode1s. 

The first model is the system-environment 
or the system-and-its-context model. This 
model allows us to: 

1. Define the systems space. 

2. Explaïin why the system exists. 

3. Display the laws which regulate the 

interactive behavior of the system 
and its environment. 

The second model, the structural model, 
was developed by focusing on what the sys- 
tem is. This model presents generalizations 
about goals, functions, components, and 
their relationship and structure. 

The system-environment model projects 
systems as they exist in their larger 
space. The structural model explains what 
systems look like. But social systems, like 
education, are not static; they are ongoing, 
living, behaving. In order to understand 
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education as a system in a true sense, we 
need to examine how social systems operate 
and behave; and how their entities, their 
attributes and relationship change through 
time. The third model — the process or 
behavioral model — explains these. 

I shall now provide an overview of these 
three models and later, introduce an 
example of their application to education. 


The system-environment model of education 


The society in general is the context of 
education. À given community is the environ- 
ment of a specific school. The system- 
environment model examines the relationship 
and interaction between the school and the 
society. 

The school as a system is set aside from 
its environment by its boundaries — physi- 
cal, biological, psychological and social. 
The school interacts with its environment 
through breaks in these boundaries; in 
other words, through input and output 
interactions. 

The society establishes educational 
requirements. It sets specific constraints 
and it provides the resources required to 
satisfy stated requirements. With this 
input, the school is responsible for pro- 
ducing the expected output: that is, 
pupils who have learned and knowledge 
which has been produced. 

There is continuous trading between the 
school and the society. The school has to 
cope with a certain randomness, with 
changing demands and societal expectations. 
Thus the school is an open system. It is 
not completely open, however, in that its 
input is regulated, its constraints and 
resources are identified, and it is con- 
trolled for the attainment of specified 
output. 

Educational output is continuously 
assessed and evaluated, These enable feed- 
back based on which adjustments are to be 
introduced by design. Such self-regulating 
adjustment enables the school to maintain 
compatibility with its environment. Today, 
questions are raised as to the school's 
ability to adapt to changes; about its 
accountability, and capability to bring 
about expected outcomes. Consequently, 
education is faced with a crisis as the 
society becomes increasingly more reluctant 
to accommodate new demands for added edu- 
cational resources, 
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The structural model of education 


A structure of an education system emerges 
as 

° Educational goals are formulated, 
based on educational requirements which 
the society imposes, 

Functions are identified, the accom- 
plishment of which facilitates attain- 
ment of goals. 

Components are selected which have the 
potential to carry out functions. 
Components are arranged, organized and 
integrated according to a scheme. The 
goal—functions—components—seque- 
nce of disciplined inquiry is basic to 
system thinking, and it is the opposite 
to the sequence of the conventional 
inquiry of what it is, how does it work 
and why does it exist. 

The more we succeed in specifying goals, 
the more likely we can assess the degree 
of their attaïinment and the more accurately 
we can identify functions which need to be 
activated in order to achieve goals. 

Educational goals are derived from an 
analysis of educational requirements. 
Requirements are formulated on the basis 
of analysis of educational needs, The same 
kind of disciplined inquiry connects goals 
with functions. Functions in which an edu- 
cational system is to engage are derived 
from an analysis of goals. The central 
educational function is the transformation 
of the learner from an input state of not 
yet being able to perform in the desired 
way, to the output state, in which the 
learner performs as desired, Co-acting with 
this transformation process is systemiza- 
tion through which entities operating 
within the system space of schooling are 
becoming increasingly more focused on, 
involved in, and capable to serve the 
central goal of the system: learning. 

Functions to be carried out in order to 
facilitate the transformation of the 
learner include: 

° Arrangements to be made in the learning 

environment whereby the learner can 
confront and master the learning tasks. 


of learning. 
The management of learning. 
The assessment of the learner. 

An analysis of such functions enables us 
to identify capabilities required to carry 
out these functions so that the school can 
then engage human and other resources which 
have these capabilities. All educational 
components should be focused on, to carry 
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The activation of appropriate conditions 


out the central goal-serving process: the 
transformation of the learner. 

The notion of wholeness is central to 
system theory and so it is to schooling; 
because only through a total integration 
of components can intensive attention be 
paid to the transformation of the learner. 
However, educational institutions typically 
tend to move toward the independence of 
their components. Often components operate 
without any effect on learning. Independ- 
ence has grown to a point where there is 
often a breakdown in communication between 
components and subsystems so that they 
become isolated, divided, and thus progres- 
sively segregated and leading to the de- 


generation of the system. Institutes of 
higher education are examples of this pro- 
 cess. It appears to us that systems educa- 
tion is the force that can remedy the dis- 
integration of higher education. 

A definition of schooling as a system of 
education can now be offered. It is 
conceived/as a man-made system, deliberate- 
ly defined for the purpose of facilitating 
learning. It is composed of human and 
materials components, selected for their 
specific attributes. They are to carry out 
functions in order to facilitate learning. 
Components enter into relationships with 
each other, interact and become integrated 
into a unifying scheme of schooling. Pro- 
gressive systemization and integration of 
components leads to a state of schooling 
in which everything and everyone is 
involved in the facilitation of learning. 


The process model of education 


The system environment model has helped us 
to explore the relationship between educa- 
tion and its environment, the society. The 
structural model helped to explain what 
Schooling is as a system. To truly under- 
stand education as a system, we need also 
to examine its behavior and its operations. 
Educational systems are organized to 
engender learning. But how do educational 
systems operate to attain this purpose? 
The main operations of education as a sys- 
tem include input processing, transforma- 
tion, output processing and feedback/ 
adjustment. 

There are three major classes of input 


operations: , 
* Interaction operations between the 


school and its environment through 
which educational requirements and 
expectations are formulated, resources 


and constraints are communicated and 
system resources are received. 
Identification operations through 
which the relevance and value of the 
input is determined, system relevant 
input admitted, and others rejected. 
Activation of the input, through which 
the learner .is placed into the learn- 
ing environment and all the resources, 
people, materials, facilities that are 
needed to facilitate learning are 
activated. 

There are three clusters of transforma- 
tion: 

° The transformation (of the learner) 

operations, in which the learner and 


other components engage in order to 
attain the desired output state (in 
which the learner can perform as 
expected). 

Facilitation of transformation opera- 
tions, whereby all components of the 
transformation event, including the 
learner, are energized and are main- 
tained in an adequate state of perform- 
ance. 

Transformation control and adjustment, 
by which the transformation event is 
monitored and assessed in order to 
introduce changes (if needed) for the 
improvement of the transformation. 

Operations of processing educational out- 
put include: 

° The construction of output model(s) 
which represent the intended output. 
The identification and evaluation of 
the output in order to determine con- 
currence or discrepancy between the 
actual and intended output. 

The dispatch of viable output. 

Feedback and adjustment introduce changes 
based on the assessment of the learner and 
the continuous evaluation of the system. 
An interpretation of the data gained from 
such evaluation and assessment will tell 
us about the adjustments we need to make 
in order to improve schooling and to make 
it more cost-effective or cost-beneficial. 

The feedback and adjustment operations 
by which to facilitate such improvements 
include: 

* Collection of evidence relevant to the 

performance of the learner and of the 
various operations of the school. 


Analysis and interpretation of the 


evidence. 

The construction of a model of adjust- 
ment which constitutes a plan for 
change in schooling. 


o 
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o 


Stipulation of consequences of the 
planned adjustments. 


Introduction of planned adjustments 
into the system. 


Three systems models of education have 
been presented. Only if considered jointly 
as a comprehensive set do these three 
schemes tell the real story of education 
as a system. Only in unison do they reveal 
the true systems nature of schooling. It 
is this comprehensive set of models which 
we are to internalize and implement into 
our thinking so as to acquire a system 
view of education. 


o 


The application of system models to the design of instructional and 
learner systems 


From a systems point of view, any given 
educational institution is conceived to be 
constituted of three ordered systems: 

° The learner's system, the outcome of 
which is growth, knowledge, skills and 
attitudes attained by the student. 

The instructional system, which pro- 
vides learning opportunities to the 
learner. 

The school system, which provides the 
policies, plans, structures, arrange- 
ments and resources required to operate 
the instructional and learner's sys- 
tems. 

The learner's system is the nucleus. 
Around it, and in support of it, are built 
the instructional and school systems. The 
present mode of educational design usually 
starts out at the other end: a school pro- 
gram is defined, in it an instructional 
system is erected, and then some attempts 
are made to adjust the instructional system 
to make it more palatable to students. 


o 


o 
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Instructional System 


School System 


ADJUSTMENT 


Following the system scheme, however, the 
three systems are built interactively 
(F9. LJe 

À learner system cannot be made opera- 
tional without having the output of the 
instructional system available to it. An 
instructional system cannot be designed 
without having the requirements of the 
learner's system known or without having a 
clear understanding of the educational 
expectations of the society which the 
school wants to serve. We need a design 
model that allows such dynamic interaction 
and interrelating. The systems process 
model is such a model. 

In order to highlight the application of, 
one aspect of the system view, I will 
briefly examine an advanced graduate pro- 
gram which is under design for the training 
of Research & Development personnel. The 
one aspect that I want to bring out is that 
the recognition of different entities at 
different systems levels leads us to pro- 
pose two complementary systems, the 
instructional and learner systems. 


An example: 


THE DESIGN OF AN ADVANCED GRADUATE PROGRAM IN 
EDUCATIONAL R&D 


The Far West Laboratory for Educational 
Research and Development, the School of 
Education, University of California, Berke- 
ley, and the University of California R&D 
Center for Higher Education are involved 
in the design of a doctoral program in 
educational R&D. It is anticipated that a 
pilot program will commence in January, 
1973. 

The over-all purpose of this program is 
the preparation of professionals who can 
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assume leadership roles in educational R&D. 
As the outcome of the program, it is 
expected that individuals will: 
1. Become familiar with the information 
and knowledge base of educational R&D. 
2. Acquire advanced technical skills for 
carrying out R&D work and introductory 
skills in directing it. 
3. Strengthen their ability to relate to 
and help people in general and their 
co-workers in particular. 


* Characteristics of the program to be designed 
The program identified above is built upon 
four basic premises. 

First is that the program is competence 
based. Competences are specified on the 

| basis of an analysis of the R&D roles and 
role-related tasks. Instructional object- 
ives are derived from these competences. 
An instructional system is then built 
which provides competence related learning 
opportunities. The learner, availing him- 
self to selected opportunities will attain 
the desired R&D competences. 

A second premise is that learning takes 
place in the functional context of R&D 
situations. Whatever is learned is related 
to actual R&D work and presented in the 
larger context of R&D operations. 

Thirdly, the application of what has 
been learned is not left to chance, but is 
provided, by design, through engineered, 
on-the-job-experiences. 

Fourthly, the program is adaptive to the 
needs, -interests; characteristics of the 
individual. The individual operates his 
own (learner) system. As he interacts with 
the instructional system, he becomes 
involved in activities through the use of 
resources made available by the system, 
and acquires competences which he can then 
apply. 

Our earlier specification of the various 
system levels in education is clearly 
reflected in the four premises described 
above. At this time we are going to examine 
only the instructional and learner systems. 


The instructional system 


The Instructional System provides learning 


opportunities to the learner. More speci- 
fically, it presents: 


° À curriculum structure which is devel- 
oped in selected domains in response 
to educational or training require- 
ments and goals. Through a process of 
progressive specification, the content 


is refined at a rather detailed (modu- 
lar) level in terms of: 
1. Performance or experiential object- 
ives. 

2. Content descriptions. 
3. Objective relevant measures, 
Æ,APTOTEqUISILtES: 
Alternative procedures and methods by 
which the content can be communicated 
to the learner. 
* A set of exemplary (alternative 
vities which represent ways for 
presenting the content and attaining 
objectives. 
An information system which provides 
easy access to information on all the 
above items and on 

l'Acbeople. 

2. Materials and media. 

3. Facilities available to the 

learner. 


The product of the Instructional System 


is a variety of potential learning opporu- 
nities available to the learner. 


acti- 


The learner system 


The Learner's System provides structures, 
operational arrangements and resources by 
which the learner's activities can be 
planned, programmed, implemented, and 
monitored. The activity of the learner is 
built on the basis of information available 
from the instructional system. The instruc- 
tional system provides opportunities for 
learning experiences in the context of 
various situations, Purposeful activities 
brought together and sequenced in time and 
organized into a situational scheme become 
the student's own program. Such a scheme 
will assure that the learner always knows 

1. What activities he is and will be 

involved in. 

2. Why. 

3. Where his program leads. 
4, How far he has gone at any given time, 
5, What he has to do to make further pro- 

gress. 


The product of the Learner's System is 


personal growth and knowledge, competences, 


attitudes, and values that the student has 


acquired. 


A SYSTEM MODEL OF DESIGN 


We have applied the system models described 
earlier to the design of both the instruc- 
tional and learner systems and have con- 
structed two models described next. 
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A Model of an Instructional Systems Design 


Formulation of 
training objectives 


Formulation of 
training requirements 


Selection of content 
and its organization 
in a modular structure 


Definition of R&D 
roles for which to train 


Specification of 
competencies relevant 
to R&D roles 


Selection and organi- 
zation of methods 


Identification of 
human and material 

resources that can be 
applied in mediating 
the content 


Information on trainee 
characteristics 


Selection of R&D 
competencies for 
which to train 


Development of assess- 


Criteria for trainee ment means and methods 


selection 

Arrangements for 
Information/knowledge implementation and 
base management 


Organizing concepts 


Resources available to 
the system 


Analysis of assessment 
data, the redesign of the 
system based on data, and 
the introduction of adjust- 
ments by which to improve 
the system. 


The design of the instructional system 


The design of an instructional system has 
to provide for: 

° The formulation of the over-all instruc- 
tional goals, the specification of out- 
comes and ways that goals are derived 
from educational/training requirements. 
The identification of 

1. Learner/trainee characteristics. 

2. Selection criteria. 

The establishment of information/know- 
ledge base and the identification of 
organizing concepts. 

The formulation of instructional/train- 
ing objectives. 

The selection and organization of 
instructional/training methods. 

The selection and organization of con- 
tent. 

The identification of human and materi- 
al resources which can be applied in 
mediating the content to the learner. 
The realization of arrangements for 
implementation and management. 

The development of assessment means 
and methods, 

The assessment of outcomes,. 
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Specification of the 
outcome model (the model 
of the Instructional System) 


The application of the out- 
come model against the In- 
structional System 


Assessment of 
discrepancy/concurrence 
between the model and the 
operating Instructional 
System 


Ÿ 


Fig.2 A model of an instructional systems design 


° The use of assessment information in 

improving the instructional system. 

The design aspects enumerated here are 
organized into an input—transformation—* 
—routput—feedback scheme of a system | 
model, as depicted in Fig.2. | 

Input. Over-all training requirements . 
are formulated on the basis of analysis of 
R&D roles and role relevant tasks. Func- 
tional competences, relevant to the role, 
are defined, following a multiple approach 
to competence analysis [2]. The outcome is 
a competence inventory. 

Information on personnel characteristics 
will be acquired from potential users of 
the instructional system. The selection of, 
competences for which to train will be 
based on 

1. An analysis of learner/user character-« 

istics. 

2. An assessment of the competences for 

which training can be provided. 

3. The resources generally available. 

4, The general operational constraints 

of a graduate program. 
Criteria for personnel selection will be 
derived from a consideration of the compe- 
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tence inventory formulated as the outcome 
of the procedures described above, 

The information/knowledge base will be 
established cumulatively during the design 
and development of the program. Organizing 


concepts will be selected to guide training 


design and development. These will include 
the four basic premises we have already 
mentioned (see section ‘Characteristics of 
the program to be designed! — functional 


context, competence based, adaptive program 


and applications by design). Additional 
organizing concepts are: 
Learner-active, learner-directed, learn- 


ing-focused approach. 
Modular structuring, through which basic 


units of training can be configured in a 
variety of ways and thus meet a variety of 
training needs. 

Performance based approach which allows 
the learner to challenge instructional 
modules so that he must not be involved in 
the learning of what he has already 
acquired. 

Transformation. Training objectives will 
be formulated to specify: 

1. The skills, knowledge and attitudes 

to be acquired. 

2. Levels or degrees of accuracy of per- 

formance. 
Content will be selected in response to 
objectives and organized in a modular 
structure. Instructional methods and pro- 
cedures will be selected which enhance the 
communication of the content to the 
learner,. Consideration will be given to 
conditions internal to the learner and to 
external conditions which must prevail in 
order to facilitate or enable learning. A 
variety of rich resources will also have 
to be identified and made available in the 
environment of the learner. These human 
resources and instructional and media 
materials will be available to mediate the 
content. 

Assessment means and methods will enable 
both the learner and instructional manage- 


ment to monitor the progress of the learner, 


to assess system performance, and to make 
adjustments in the program if needed. This 
assessment will also take into account the 
plan developed and tested for the schedul- 
ing, implementation and management of the 
program. 

Output. Outcome models will need to be 
constructed which portray: 

1, The expected performance of the 

instructional system. 
2. The level of system performance indi- 


cated. 
3. Ways for making an evaluation of ade- 
quacy of system performance. 
The application of the outcome model will 
enable us to assess the degree of concur- 
rence or discrepancy between the output 
model and the operating instructional sys- 
tem. 

Feedback. An analysis of discrepancy/ 
concurrence data will help us to identify 
the source of discrepancy and make adjust- 
ments in the instructional system by which 
to improve it. 


An interface of the instructional system — learner’s system 


The instructional system of the advanced 
graduate program in R&D provides information 
to the learner on 

° The R&D role(s) competences around 
which the instructional system is built. 
The (instructional) content selected 
and organized to facilitate the attain- 
ment of R&D competences. 

Competence relevant assessment measures 
and prerequisites (if applicable). 
(Alternative) methods/procedures avail- 
able to the learner by which to approach 
the content. 

Resources, such as people, materials, 
media and places, and situations avail- 
able to the learner. 

The ultimate responsibility of the 
instructional system is to organize, arrange 
and manage all the above in a way which 
provides optimum opportunities to learners 
for the acquisition of R&D competences, and 
to provide actionable information about all 
these. 


The design of the learner's system 


A design model of the learner system (LS) 
of the R&D personnel development system 
can be constructed by: 

° Taking the output of the R&D instruc- 
tional system as part of the input of 
the LS, 

Identifying other LS relevant input 
elements. 

° Defining the transformation operations. 
* Constructing the learner's output 
model(s). 

Specifying the output, feedback and 
adjustment processes. 

Organizing the above within a system 
framework, the following model emerges 
(Big,3). 


INPUT. Several of the input elements are 
products of the instructional system, such 
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The Learner's System 
{a process model) 


°Information about: 


(1) the instructional methods/ 
environment, processes 
(2) the instructional 
system, and 


content 


(3) learning opportunities ï 
units 


and arrangement 


°Concepts governing 
the design of the 


learner s system 


assessment 
strategies 
°The learner, his 
environment, his 
competences and 
needs, interests, 
values and other 
characteristics 


planning, im 
plementation 
and 


°Resources and facilities management 


and their arrangements 
available to the learner 


Fig.3 The learner's system (a process model) 


as 

* Information about the instructional 
environment, the instructional system 
and specific learning opportunities. 

° Operating resources, facilities and 
their arrangements available to the 
learner. 

Other input elements are specifically 

learner-related, including: 

° The environment of the learner, most 
importantly his R&D work environment, 
The needs, interests, values and other 
characteristics of the individual, 

The specific information/knowledge 
base, skills and competences of the 
learner. 

Organizing concepts (implicit or 
explicit) which guide the design and 
operation of the learner's system, 


TRANSFORMATION. Transformation implies 
processes by which the input is used to 
bring about the desired output by trans- 
forming the learner to a state in which he 
has acquired specified R&D competences. 
Transformation takes place as the learner, 
who is working with information generated 
by the instructional system and availing 
himself to the resources and facilities 
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TRANS FORMAT ION 


Analyze data 
Design change 


Introduce change 


FEEDBACK 


OUTPUT* 


° Construct and apply 
various output models 


° Process output 


° Identify concurrence/ 
discrepancy 


materials 
(media) and 


* OUTPUT=growth 
and learning; 
knowledge, 
competence, 
attitudes 
acquired 


arranged into learning opportunities, gets 


involved in activities. The outcome will 


be learning. The vehicle of transformation 


is the set of activities planned and 
implemented by the individual learner. 


OUTPUT. There ïis first an output model 
which displays a competence configuration 
specific to the individual learner, the 
attainment of which is the goal of the 


learner's system. This model is constructed 


by specifying expected learning outcomes 
in three R&D competence domains: 

° Conceptual competence — the specific 
R&D information, knowledge and theory 
bases which the individual wants to 
acquire. 


work-related competences and R&D 
management skills which the doctoral 


Technical competence — the sets of RED | 


| 


| 


The output model and output relevant 
criteria are used to make an assessment of 
the learner's attainment of the specified 
competences. 


candidate wishes to master. 

Human competence; skills and attitudes 
which increase the individual's ability 
to relate to and work with other 
people. 


FEEDBACK. The information provided by the 
assessment is used to determine if there 
is a discrepancy between the intended and 
actual achievement of the learner. The 
information is further analyzed to deter- 
mine the cause and source of discrepancy. 
The locale of the cause may be either in 
the instructional or the learner's system. 
Once the cause and source are determined, 
adjustments will be planned and introduced 
ÉDICOrrect the discrepancy. 


Summary 


The design models I have outlined in this 
paper provide an example of the application 
of general system models to education. 
There are two rather far-reaching aspects 
of this application. One is that a system 
models approach requires us to clearly 
identify the specific system level we 
examine. The second is the insistence upon 
defining, the entity which is central to 

the system under consideration. 

We have identified three system levels 
in educational involvements: 

1, The institutional level. 

2. Instructional level. 

3, Learner systems. 

We have recognized that at each of these 
levels the system entities are clearly dif- 
ferent. At the institutional level resour- 
ces are the central concern. Resources are 
secured and arranged in support of the 
instructional and learner systems. At the. 
instructional level, information is the 
main entity; information that describes 

the learning options and opportunities, 
resources, and arrangements. At the learner 
system, obviously, the learner is the key 
entity. 

In existing educational institutions 
there is confusion as to both levels and 
entities. In most educational programs 
there are no clearly defined and functional 
learner systems; students are usually 


designated as products of the institution 
or the instructional system. The lack of 
operational learner systems and the confu- 
sion about system entities may be the two 
most significant single causes of educa- 
tional deficiencies of the day. The appli- 
cation of systemic thinking to education 
can overcome these deficiencies. At the 
same time, a systems view of education can 
help us to develop a more humanistic per- 
spective of formal education; that in which 
full attention is paid to the uniqueness 

of the individual, one in which the indivi- 
dual can exercise the right to become 
educated (rather than just be educated), 
and in which the learner is in control of 
his own learner system. 

The theme of the current year for the 
Society of General Systems Research is 
‘World System', In closing thus, let me 
submit that the viability of a proposed 
world system is determined at least 
partially by its ability to attend to the 
uniqueness of each and every human being. 
And the educational systems of a world 
system have no higher call than to assist 
each and every individual to become the 
unique person he or she has the interest 
and potential to become, 
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University of Izmir, Turkey 


1. Introduction Table 1 shows the results of an interview 
Cybernetics is the study of control and schedule given after the course. Ve. 
communication in human beïings, animals and Furthermore, programmed texts utilized 
machines; and its application to the field at an IBM training course reduced the : 
of education may be called ‘Educational education period by nearly 35 per cent 
Cybernetics', which will ultimately use while raising the average test score by 
the methods of artificial intelligence in 10 per cent — from 86.2 to 95.1 (Hughes 
simulating the human teacher and provide a and McNamara, 1961). 
completely flexible and wholly adaptive In short, the above mentioned industrial 
type of teaching system. studies and others not pointed out here 

Our existing system of education is indicate that programmed instruction 
inflexible and static, and out-of-date in methods may reduce teaching costs and 
procedure. Though dynamic features of the instruction time while providing a standard 


environment are much more significant than level of training. 
those of static in nature, today's teaching 
system emphasises the last mentioned. 
However, dynamic conditions are increasing- 
ly becoming in need of perceiving and con- 
trol. Inasmuch as our society is dynamic, 
ever changing, developing and adaptive in % Answering 
nature, so the system to synthesize it and Yes 

to aid social requirements is also required 
to possess the aforementioned properties. 
These variation patterns are expected to 


TABLE 1 Results on action questionary 
administered to supervisors after a course 
in human motivation 


Pro- Con- 
grammed trol 


be represented by feedforward as well as Have you given any thought 

by positive and negative feedback. to this material? 100 43 
Have you discussed it with 

New era in education: PROGRAMMED INSTRUCTION anyone? 78 60 

By Programmed Instruction flow of informa- Have you tried to explain it 

tion — from teacher to learner — is carried to anyone? 57 34 

out in an adaptive manner, so that the Have you made any effort to 

student is capable of changing his behavior apply some of its ideas? 100 41 


as circumstances vary. Because this method 
provides information feedback — by means 
of question and answer —, when it is used 


Source: Lysaught [1] 


as a teaching aid, classmates soon show As can be seen by the table, the students | 
themselves as quite different in their attending the programmed course showed a 
learning-level in respect of dissimilar greater propensity to act on and employ the 
topics and cases. course material than did the control group... 


Studies of industrial training have 
shown PI (Programmed Instruction) to be as 


effective as or better than conventional Il. Types of programmes written É 
instruction. As an example, supervisors Mainly three particular techniques are 
taking a course (at Eastman Kodak) in utilised in programme writing. 
human motivation through programmes, 410 
retained twice as much as those following f.-Lipear progranrnee 
conventional classes (Lysaught, 1962). The simplest of the three techniques is 
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linear programming where the material is 
broken up into small units and presented 

in consecutive frames. The presentation is 
carried out by projecting the material 

from a microfilm onto a screen, by opening 
a page or a card, by switching on a tape 
recorder conveying the message. Here, a 
questions is always followed by the right 
answer in the text frame. Having answered 
the first question, the student turns to 
the next frame where the second question 
and the correct answer — as a prompt re- 
inforcement — to the first are. So, the 
learner can compare his response with the 
correct one — information feedback is being 
thus provided; he may modify his subsequent 


behavior. This procedure goes on until the 
flow comes to an end. The student can go 
swiftly through the frames he finds easy 
and slowly through the hard ones. Steps 
must be gradual enough to enable the 
learner to minimize errors in his response: 
the programme should begin comparatively 
slowly and pile up information while put- 
ting on speed in the operation. 


The main characteristics of linear pro- 
gramme may be represented by Fig.l. 


Quest - Quest- 


ion 2 ion 3 


Fig.1 Linear programmes prepared according to Skinner's principles 


Skips or leaps can be introduced to the 
programme to take the learner forwards and 
backwards, conditioned by whether he knows 
the data in certain pieces of the pro- 
gramme or has failed (see Fig.2). 


PSE 
Cons 
Fig.2 Skipps in a linear programme 


The percentage of correct answers expect- 
ed out of this kind of programmed instruc- 
tion ranges from 80 to 90. 


2. Branching programmes 


The term 'branching' has been applied to 
the kind of programmes that are capable of 
providing feedback control over the learn- 
ing procedure. Each question in this pro- 
gramme is given multiple or alternative 
answers, only one of which is usually 
correct. 

This technique introduces alternative 
sequences according to the answer of the 
student. À mistake or wrong answer neces- 
sitates more information and corrective 
action: some effort is made to describe 
to the student the reason why he has 
replied incorrectly. 

In another type of branching programme, 
a group of questions is introduced to find 
out if the student has obtained mastery of 
a principle. If the questions are answered 
correctly, he is permitted to pass onto 
the following unit; in case he has diffi- 
culty, he is given more detailed material 
in the light of his mistakes, In still 
another kind of branching writing, the 
learner is allowed to skip over some sub- 
sequent items when he correctly answers a 
certain key item. 


3. Mixed programmes 


As can be predicted by the term ‘mixed, 
this type of programme involves both 
linear and branching frames together when 
it is used as a teaching means. This type 
is the most operative manner of introducing 
information. It provides a binary system 
in which the learner is asked whether he 
understands, and if he thinks he does, he 
moves on to the next frame; when he cannot 
understand the question, he only says so. 
In any case, he is expected to give a 
right answer before he is allowed to go on. 

Branching programmes are, generally, 

administered by a teaching machine. The 
basic steps in teaching process are as 
follows: 

1. In teaching system, the student is 
introduced to frame material when he 
arrives at a frame, 

2. He is asked a question relating to 
that particular frame. 

5, He lis expected to cConstruct or Co 
select his answer. 

4. The answer is evaluated. 

5. The correct answer is given to him. 

6. The machine automatically decides 
which frame should be displayed at 
the following trial. The decision 
depends on the evaluation at step 4. 

7, The learner is asked to review the 
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correct response and to modify — if 
need be — his concept of the material 
in the previous frame. After he has 
deliberated the matter enough, he 
designates that he is ready for the 
next frame — for instance, by pushing 
a button. 

8. The teaching machine selects the 
frame to come. 


111. Computer assisted instruction (CAI) 


Today, under one central computer control, 
it is possible to provide hundreds of dif- 
ferent student groups with programmes in 
hundreds of different subjects simultane- 
ously. The main components of the system 
may be those below: 

1, Textbook: presents the bulk of the 
instructional material. 

2. Digital computer: — as the central 
control component — gives specific 
reading assignments and then presents 
questions on the material. 

3. Electric typewriter (or flexowriter): 
presents questions and instructions 
to the learner and receives the 
answers of the learner. 

4, Magnetic disk: is used as an informa- 
tion store. 

Here, the nature of the learner's res- 
ponse typed out regulates succeeding 
questions and instructions. The computer 
evaluates the answer in terms of its 
stored information and selects the proper 
following step. 


IV. Critical remarks on the programmes 


First of all, it should be pointed out 
that ''Behavior involves dynamic generation 
of activity, steady feedback control and 
error correction, and integration of dif- 
ferent movement components in the response 
pattern as a whole. The efficiency of a 
teacher, teaching aid, or teaching machine 
depends on how well it accomplishes the 
requirements of cybernetic design for the 
particular type of feedback control which 
is being established — direct, instrumental 
symbolic or abstract.'' [2] 

Silberman (1962) reported that fifteen 
field-study comparisons of programmed and 
conventional instruction showed that PI 
took less time. More recent studies also 
showed similar results, 

Linear programmes reduce specific control 
over the learning state because no effort 
is made to help the student who cannot 
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understand the nature of the question by 
inflexibly restricting the activity of the 
student to a series of discrete responses, 
Simple and uniform stages involved in 
linear programmes sometimes prove boring 
and unattractive for the student. Since 
behavior involves a multidimensional inte- 
gration of different response components, 
so the focal discrete responses in a learnt 
model are only a part of it. The behavior 
learned in school has to be very transfer- 
able for it will be used under very diverse 
conditions. To provide this, all kinds of 
learning situations should benefit from 
immediate and dynamic feedback information 
and from the opportunity for the learner 
to maintain continuous control, so that 
the requirements of a cybernetic pattern 
could be satisfied. Spatially, for hetero- 
geneous groups, for more curious learners 
and more carefully set up subject matter, 
branching technique has been more effect- 
ive. Moreover, integrating different tech- 
niques is generally more operative than 
using only one. ‘''Feedback theory evaluates 
techniques of self-instruction according 
to how well they conform to principles of 
cybernetic design. In order to optimize 
feedback control of symbolic knowledge and 
skills, original presentations should be 
more varied and flexible than is permitted 
by most teaching machines and programmes. 
Spatially organized systems of reference 
are especially important." [3] 

Mechanized self-instruction serves as an 
important and useful adjunct for immediate 
dynamic confirmation of specific response 
— supplied by automated teaching machines, 
not by the verbal written models. This 
fact has been supported by a survey h ld 
in 1963 by Minnesota Public School princi- 
pals — "Is Programmed Learning Effective?!! 
Especially for complicated subject matter, 
multiple-response teaching machines provide 
better design features than write-in 
answer models. Also, spaced learning has 
been more effective than massed learning, 
e.g. one who learns swimming on a fifteen- 
minutes-a-day basis may learn a lot more 
efficiently than if the hundred and five 
minutes of the week were all consumed in 
only one continuous session. 


Other remarkable findings are as follows: 


1. The amount learned per unit time has 
been greater for the branching than for 
the linear programme. 

2. Programmed instructional materials 
can be presented to groups rather than to 


individuals with no loss in learning. 

3. À stimulus cue presented to the 
learner sets up in him a whole series of 
responses which through the process of 
sensory feedback serve as further stimuli 
to further action. 

4, The optimal sequence for providing 
and withdrawing external prompts and con- 
firmations — which the learner needs as 
learning advances — varies with the types 
of learning and with different individuals. 

5, Self-instructional materials, which 
provide the only feedback to the learner 
about his response, supply precise feedback 
on important specific and probably a diag- 
nostic check on his progress as well. For 
optimal effectiveness in teaching, immedi- 
ate feedback is essential. 


Conclusion 

Training the teachers 

Since PI not only supplies the learner 
with informational feedback but also pro- 
vides the instructor with a continuous 
control on the quality of the teaching 
effort, the latter may also be best trained 
in integrating self-instructional methods. 
They should be taught not only the theore- 
tical significance of programming research 
but also how to program materials for 
classroom use, because these techniques 
allow empirical checks and reproduction of 
the variables involved in formal instruc- 
tion. 

After having traïined in these techniques, 
teachers should be able to prepare teaching 
materials to suit their specific needs. 
Such a training is expected to provide 
insight into qualified teaching procedures 
and the very nature of meaningful learning. 

I would like to close by an extract from 
the ideas of Dr. E.W. Smykay, who a few 


years ago worked with us at the Faculty of 
Economic and Commercial Sciences, from 
Michigan State University. 

"There is no panacea for the learning 
problem. PI is only one of many tools 
available for achieving a learning object- 
ive. Its great value is the efficiency 
with which students learn material. Judi- 
cious use of PI plus more tranditional 
approaches probably offers a way to reach 
many more students in depth in a particular 
subject. While the student seems to benefit 
from PI, the greater benefit probably lies 
with the instructor. The drudgery of teach- 
ing details is greatly reduced, thus 
permitting the use of a broader lens to 
focus upon the larger issues in a particu- 
lar course. The second benefit to the 
instructor is the high order of discipline 
required in constructing PI materials. 
There is no room for error or loose think- 
ing in the PI approach. If all courses had 
at least the underlying logic sequence 
covered in the PI itself, the amount of 
duplication in curricula could be signifi- 
cantly reduced ... to the benefit of us 
ali 
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Some aspects of conflict between 
interdisciplinary concepts and the professions 


in university training 


D. J. van REST 


Interdisciplinary Higher Degrees Scheme, 
The University of Aston in Birmingham, England 


Introduction 


The pattern of modern technological edu- 
cation is increasingly vocationsi. In 
practice this means a university depart- 
ment gears its output to produce entrants 
for a specific profession. Where the 
profession calls on several base disci- 
plines these are commonly subordinated 
within that department. 

This paper examines current knowledge 
about professions and professional methods 
in their regard to their impact on inter- 
disciplinary concepts, 

Some of these concepts are elaborated, 
not because they need any introduction to 
members of the Society for General Systems 
Research but to specify the sense in 
which they are used. The term ‘''Interdisci- 
plinary'' has been so widely applied that 
it can be interpreted in a number of ways. 

The areas of conflict affect both the 
problem-solving mechanisms and the 
career prospects of participants. Training 
for interdisciplinary problem-solving in 
a professional world calls therefore for 
special considerations. The initial 
impressions gained from an experimental 
doctoral research programme in applied 
interdisciplinary l'action! research are 
reported. 


Professions 

Carr-Saunders (1928) has defined a 
profession as an occupation based upon 
specialised intellectual study and train- 
ing, the purpose of which is to supply 
skilled service or advice to others for 
a definite fee or salary. The essential 
elements and distinguishing attributes 
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of a profession have been identified by 
Greenwood (1957) as:- 

1. a basis of systematic theory, 

2.1authority,; 

3. community sanction, 

4, ethical codes; 

5. a professional culture sustained by 

formal professional associations. 

The ethical code incorporates the 
"service'' ideal around which the moral 
claim to professional status revolves. 
(Wilensky, 1968). 

A common view of a professional at 
work is of an individual working alone 
in private practice. Training programmes 
for professions are largely geared to this 
concept. However as Podmore (1972) has 
pointed out ''Most professionals now work 
in large, bureaucratic organisations such 
as government departments, business 
firms, universities, schools and hospitals. 
When an individual is both a member of a 
profession and a member of a bureaucratic 
organisation, he may be subject to 
conflicting demands'', 

'Professionalism has as its primary 
function the protection of standards for 
creative activities; organisation has as 
its primary function the efficient coordi- 
nation of diverse activities ... The 
scientists' problem is to gain access to 
the organisation without becoming availa- 
ble for manipulation by the organisation. 
The professional identity and the 
professional group make the individual 
scientist unavailable for total partici- 
pation in the organisation. But since the 
organisation requires the services of 
scientists, it puts pressure on them to 
participate. For example it seeks to 


summon the loyalty of scientists and 
entice them into a career in the organi- 
sation''. (Kornhauser, 1962) 

Professionals bring strongly developed 
personal guidelines for their own beha- 
viour, and these may or may not be 
congruent with the organisation's rules 
and procedures. (Hall, 1972). 

Two accommodative mechanisms can be 
observed to resolve the conflicts between 
the behaviour demanded by a professional 
culture and that by organisational 
formalization. 

First the professionals are allowed to 
operate within a segmented substructure, 
such as a research laboratory, responsi- 
ble only to a professional-administrator. 
The professional-administrator then has 
the task of resolving entirely within 
his role the disjunction between profe- 
ssional and organisational requirements. 
He is not merely a professional who does 
some administrative work; an entirely 
new role’ is involved, (Podmore, 1972), 
The training and preparation for this 
needs to be more broadly-based than 
for professional roles. The advantage of 
this mechanism is that if suitable 
professional-administrators can be found 
and allowed to operate without incompati- 


ble requirements (role overload, Hall 
1972) then a large measure of autonomy 
can be given to the professionals. 

The other mechanism is that many profe- 
ssionals come to terms with bureaucratic 
imperatives and 'make their peace! with 
the organisation in which they are employ- 
ed. This manifests itself in a lesser 
commitment to the profession, in greater 
concern with the goals and approval of the 
organisation, and in focusing on an 
organisational career (Glaser, 1964). 

This is described as a ''local'' orienta- 
tion. It contrasts with a ''cosmopolitan! 
orientation that manifests itself in 
working for professional goals and for 
the approval of colleagues throughout 
their professional world, in focusing on 
a professional career, and in a concomi- 
tant lack of loyalty to, and effort for, 
the organisation. 

An important aspect of the ''cosmopolitan 
orientation!" is the value of skills that 
are readily transferable to other organi- 
sations and are demonstrable outside the 
organisational situation. These factors 
especially in relation to university 
staff, encourage theoretical work and 
elaboration of disciplines which is 


publishable and transferable, rather than 
applied practical work which is likely 

to be specific to the organisational 
context and difficult to publish because 
of the wealth of background detail requi- 
red, the feelings of people involved, and 
considerations of state and commercial 
security. 


Professions and universities 


Professions are developing closer relati- 
onships with universities. The pattern 
of modern technical education increasing- 
ly places an academic department and a 
profession in a collaborating relation- 
shiperÀ degree in atspeCcifiedt discipline 
is commonly made the main means of entry 
into a profession and thus bolster the 
authority of the profession with the 
authority of university qualifications. 

In the other direction university 
departments seek to have their awards 
accepted as providing exemption to some 
of the entry requirements of their 
profession. 

It is interesting to note that pressure 
to broaden academic curricula, for 
example the "Engineer in Society! topic 
in Britain, more often comes from profe- 
ssional institutions through their requi- 
rements than from academic bodies, 

University staff are likely to have a 
strongly cosmopolitan professional atti- 
tude, especially in institutions where 
selection is on the basis of research 
publications and professional experience, 

"The experts are prone to identify with 
their disciplines, and the 'academic 
profession! overall comes off a poor 
second, As a result universities have a 
highly segmented structure for profess- 
ional groups rather than a single 
association of professionals, They have 
moved from unitary to composite structure, 
from general to specialised work, and in 
so doing have moved away from the chara- 
cteristics of community. (Clark, 1963), 

As a result collaboration and interact- 
ion are reduced and coordination becomes 
more bureaucratic, The expert becomes 
more isolated in his area of speciali- 
sation. 


Interdisciplinarity 


This term is widely used, and as is 
common with wide usage can have various 
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shades of meaning. In this paper it 
means structural interdisciplinarity, 
that is a dialogue on an equal footing 
between two or more disciplines. It 
requires the pooling and integration of 
axioms, concepts or methods of the 
disciplines, It demands from the start 
that the representatives of different 
sciences accept teamwork and the nece- 
ssity of searching together for a common 
language. (Briggs, 1972). 

It should be distinguished from the 
juxtaposition of related disciplines 
(pluridisciplinary) or the juxtaposition 
of disciplines with no apparent connec- 
tion (multidisciplinary) or establishing 
a common system of axioms for a set of 
disciplines (transdisciplinary) (Duguet, 
1972) or the imposition of axiomatics 
of one discipline on others without 
reciprocity and without any methodological 
cooperation (cross disciplinary). 
"Structural interdisciplinary means 
neither an addition nor a mixture but a 
combination''. (Michand, 1972). 

A discipline is a privileged view- 
point over a large fraction of the 
world and is thereby very often imperial- 
istic towards other competing disciplines. 
(Lichnerowicz, 1972). 

Interdisciplinary research must there- 
fore be structured to avoid any sugges- 
tion of imperialism. The worker must be 
accepted as a worthy colleague in the 
disciplinary areas which he seeks to com- 
bine. For this he needs to strike a fine 
balance between being sufficiently well 
qualified to be taken seriously and not 
being too well qualified so that a threat 
appears to the professional activity. 

Interdisciplinary task forces are 
usually formed with specific objectives 
in view. The time and effort required to 
develop an integration of concepts and 
methods of disciplines are not lightly 
given. Professional roles and practice 
are so widely established that a problem 
that can be resolved by precedent or in a 
straightforward manner is likely to be 
referred to and tackled by the relevant 
professional. 

The adoption of an interdisciplinary 
approach implies 

1. À need to reconcile a range of 

viewpoints. 

2. Appropriately worthwhile objectives, 

3. The search for novelty or innovation 

by a wider range of exploration for 
possible solutions than the obvious 
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approaches. 

Without the presence of all three facets 
there are likely to be cheaper and simpler 
professional problem-solving routines. 

Even when the conditions are appropriate 
for an interdisciplinary approach, consi- 
deration still has to be given to the 
ultimate career prospects of the partici- 
pants. 

Task groups are likely to be more effi- 
cient than specialist groups, reports 
Shepard (1956). They often turn out to be 
enthusiastic, creative and dramatically 
successful. However they are hard to 
discipline. Intergroup jealousies are 
frequent. The path of promotion is not 
clear. Status is insecure because indivi- 
duals are not evaluated by others in their 
own speciality and because they are invol- 
ved in problems which may be remote from 
their specialities. (Kornhauser, 1962). 

On completion of the project individuals 
may be moved to less significant work. 
Since status is more secure and power 
relationships more stable and the continuity 
of the work more likely in specialist 
groups; they may be preferred for non- 
technical reasons. 


Conflicts 


"The technical side of professionalism is 
a double-edged sword: it is training for 
rigidity and a parochial conservatism: at 
the same time it is training for initiati- 
ve and the exercise of independent judge- 
ment''., (Wilensky, 1968). 

"The norms of the established professi- 
ons dictate not only that the practitioner 
do technically competent, high quality 
work, but that he adhere to a service 
ideal - devotion to the clients! interests 
should guide decisions more than personal 
or commercial profit when the two are in 
conflict'' (Ibid). The professional has 
thereby a clear task and client orienta- 
tion. However professional neutrality and 
objectivity can mean standing on profe- 
ssional ceremony and a fixed obliviousne- 
ss and insensitivity to the aims and 
claims of others. 

It is a professional duty to maintain 
the status and exclusive jurisdiction 
of the profession and to maintain profe- 
ssional standards, Intruders into a 
professional area who do not meet 
profession standards, for example by 
failing to pass the necessary examinations 
must be resisted. Their activities are 


likely to be considered an attempt to 
lower standards of work or undermine the 
authority of the professional group. 
Condemning unqualified practitioners is 
a norm of established professions. These 
two defence mechanisms - exclusivity of 
jurisdiction and resistance to unquali- 
fied practitioners are obstacles to 
interdisciplinary cooperation. 

"The expert may be defined as a man 
who knows so much that he can communicate 
only a small part of it. This element of 
tacit knowledge in the sciences and 
professions helps explain their achieve- 
ment of exclusive jurisdiction; it also 
helps explain their traditionalism. The 
client public sees a mystery in the 
tasks to be performed, a mystery which is 
not given to the ordinary man to acquire. 
Since tacit knowledge is relatively in- 
accessible it is also less subject to 
direct criticism and quick change. The 
tacit component of their knowledge base 
is a seldom recognised cause of the 
tenacious conservatism of the established 
professions''. (Wilensky, 1968). Tacit 
knowledge is also difficult to make avai- 
lable for interdisciplinary dialogue. 

Jones (1970) argues that the demands for 
professional public services can only be 
met by restructuring the method of 
tackling professional activities. This 
could be achieved by allocating some of 
the responsibilities to information 
machines and media to which the public 
would have direct access, for example 
educational television in the home, This 
would not eliminate the need for profess- 
ionals but would radically change their 
patterns of work. 

A mono-professional is likely to be 
unable to take seriously the many things 
that are outside his limited area of 
responsibility, eg medical condemnation 
of osteopathy and acupuncture. Hence 
rather than consider new ways of coping 
with the demand for expanding public 
services they propose a policy of rigidi- 
ty, restriction and restraint. In this 
way professions are inhibitors of socio- 
technical change. 

One of the identifying features of 
professions is the lengthy period of 
induction. It is interesting to note the 
stress on this aspect in the directives 
being prepared by the EEC on the mutual 
recognition of professional qualifica- 
tions throughout Europe: - minimum 
length of courses of study, minimum 
total of teaching hours, a list of 


compulsory subjects or course require- 
ments, a minimum number of teaching hours 
for each of these subjects, and certain 
other matters such as practical work. 

Any betrayal by a professional of his 
profession is a partial sacrifice of the 
time and efforts he has spent in obtain- 
ing his qualifications. No wonder that 
unqualified practitioners are condemned! 

This conflict is being experienced by 
the British Operational Research Society. 
It is attempting to devise a strategy 
to protect the standards and repute of 
O.R. without inhibiting interdisciplinary 
cooperation. The difficulty lies in the 
fields of exclusive jurisdiction and 
unqualified practitioners. Some members 
feel that if one is allowed to intrude 
into the other it will give O.R. a bad 
name, Others that delineating a boundary 
for O.R., or adopting an imperialistic 
policy towards the areas of other profe- 
ssions will also give it a bad name, 

It is an issue that the Society for 
General Systems Research will have to 
face for its new generation. Members 
who have joined from professions will 
have come to terms with the demands of 
their professional bodies. Now, can new 
entrants be offered a suitable career 
structure without some form of professi- 
onalism? But with it, will it not 
place the society in competition with 
the very bodies with whom it seeks 
collaboration, 


Interdisciplinarity in the university 

"The guiding principle of an inter- 
disciplinary approach to education is not 
the need to demolish disciplines, but to 
teach them in the context of their 
dynamic relationships with other discip- 
lines and with the problems of society. 
This is justified if only because of the 
increasing social costs of the over- 
specialisation of knowledge. Indeed, it 
may be argued that one of the reasons 
for the tarnished image of science is 
public reaction to its power to produce 
specialised applications of knowledge, 
without a corresponding development of 
the synthesising framework which can 
illuminate their side-effects and long- 
term implications''. (Gass, 1972) 

A predetermined curriculum and a clearly 
established career structure is very 
attractive to many students and provides 
a form of security both to them and those 
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who operate it. However, the rate of 
change in all fields is so rapid that pre- 
determined curricula are necessarily out 
of date. Contact with current problems 
comes indirectly through the personal 
research of the teacher or by changing the 
curriculum to a project base. 

However, as shown, the predetermined 
curriculum and the associated department 
provide important foundations for the 
professions. Disciplines are also the 
basis of the organisation of the univer- 
sity. To meddle with the disciplines is 
to meddle with the social structure of 
the university in its entirety (Gass, 
1972). New universities have therefore 
been more successful in developing inter- 
disciplinary schools than established 
universities as they start ab initio. 

There is a sense of crisis in univer- 
sities, especially in their increasing 
ill-adjustment to a rapidly changing 
society. It is suggested that their 
form of organisation inhibits them from 
changing their strategies and drastic 
changes are needed (Briggs, 1972). 
Interdisciplinarity could play a decisive 
role in this transformation, by emphasi- 
sing task orientation. 

If the emphasis is on doing useful work 
rather than receiving training, education 
will take on more and more the form of 
self-education, and contributions to 
team work can be recognised. Models for 
this have been proposed (Jantsch, 1972). 
However, the conflict between these and 
the professionally-attuned pre-specified 
curriculum is apparent. 


Ashton’s IHD scheme 

This experimental broader-based training 
scheme aims to guide research-minded 
graduates into practical problem-solving. 
À detailed description is available (van 
Rest, 1972), As it operates only at 
postgraduate level it avoids the conflict 
with undergraduate programmes which are 
required for professional qualifications. 
The training is both pluridisciplinary 

and interdisciplinary. It aims to foster 
identification with the objectives of an 
enterprise - a local orientation - by 
studying a real problem in its practical 
context. The student spends between one- 
third and two-thirds of his time actually 
in the collaborating enterprise collecting 
data and interacting with the personaliti- 
es involved. 
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The problem-orientation is maintained 
by sharing the supervision of the project 
between at least two academics from 
different disciplines and one member of 
the collaborating enterprise. In this way 
the research is required to extend beyond 
the purview of a single profession. 

The student is also expected to immerse 
himself in a new discipline to combine 
with that of his first degree. In this way 
it is planned that he becomes ''credible!! 
in at least two professional fields and 
has the experience of crossing at least 
one professional boundary. 

The scheme was launched with the strong 
support of the Science Research Council 
who were anxious to broaden the tradition- 
ally highly specialised training provided 
for research students. It admitted its 
first students in 1968 and graduated its 
first Ph.D in 1971. It now has 41 research 
students each engaged in a project in 
collaboration with a single enterprise. 

This gives the student a very difficult 
role to play as he has to maintain 
relationships with an enterprise in which 
he does not fit any established role 
and with different academic departments, 
where again he does not follow the 
conventional pattern for a research 
student. He thus has to contend with some 
role ambiguity - that is insufficient 
information on how he is to perform his 
role (Hall, 1972). There is an educational 
challenge in overcoming this and therein 
lies the scope for initiative and the 


originality required for doctoral work. 

The formula used to mitigate the diffi- 
culties is to nominate one of the joint 
academic supervisors as ‘Main Supervisor!, 
He then accepts administrative responsibi- 
lity for the student in the conventional 
sense according to the normal university 
practice. The student is based in his 
department for the purpose of professional 
socialisation and gaining acceptance in 
the new field, 

The student is therefore pluridiscipli- 
nary. He should be able to achieve suita- 
ble professional qualifications which 
safeguard his interests and enhance his 
credibility. The interdisciplinary 
synthesis comes from the supervisors and 
the student meeting together as a team 
to establish a joint frame of reference 
and plan of activities. It is obviously 
important that the supervisors thrash out 
their differences amongst themselves 
rather than giving conflicting directions 


to the student. The time and efforts 
required for the meetings, especially in 
the early phases of each project, are 
very demanding of participating academics. 


: À central coordinating office staffed 


with full-time tutors - of which the 

author is one - has an important function 
in facilitating and advising these 
meetings. However to avoid any suggestion 
of professional imperialism the tutors 

have only an advisory function. The 
responsibility for the research and the 
authority to permit the student to continue 


and submit a thesis rests with the aca- 


demic supervisors from the collaborating 
university departments. 

The inducements to collaborate are 
provided by the research studentships 


available for the scheme, the high 


calibre applicants attracted by the 


_ opportunities for combining further study 


with practical problem-solving experience, 
and the interests of academic staff in 
developing contracts with enterprises and 
in collaborating with colleagues in 

other departments. The relationship struc- 
tured with the individual enterprises 
allows a critical and constructive approach 
to their problems without some of the 
drawbacks of the relationships of a paid 
consultant. 


Experience to date 


Academically sound and immediately 
applicable research has been produced by 
students within the scheme. Examples of 
current projects are (i) The examination 
of the personal constructs of managers in 
the context of their use of computer based 
allocation models. 

(ii) Simulations of production line per- 
formance to test hypotheses about the 
social effects of worker-control of 
production rates, 

(iii) Proposals of methods of making 
economic evaluation of the potential of 
new materials in parallel with their 
technical development. These are 3 of the 
41 projects. 

The most successful interdisciplinary 
innovations appear, as expected, to come 
from students who move enthusiastically 
into a new disciplinary area without 
losing contact with the discipline of their 
first degree. The least innovatory resea- 
rch comes from students whose main 
supervisor is from the discipline of their 


first degree. This is particularly 
noticeable with Aston students who have 
stayed on in their ''mother'' department. 
The tendency then is to concentrate on 
the familiar parts of the problem - 

those within the pattern of their main 
supervisor's professional frame of 
reference - and to postpone other approa- 
ches. As this circumstance is so unfavou- 
rable to interdisciplinary integrations 
that as a matter of policy it is avoided 
as far as possible. In the current year's 
intake 14 out of 16 came from other 
universities and 12 of the 16 took main 
supervisors in disciplines new to them. 

One of the hardest jobs of the students 
is to generate the necessary commitment 
to the project from their supervisors,. 
They may all be new to interdisciplinary 
work and the efforts required are in 
conflict with the supervisors' profession- 
al'commitment of time to his own research 

and disciplinary teaching. As one 
supervisor is designated as the ‘''main 
supervisor'' and the others ''associate 
supervisors'' the latter sometimes feel 
that they should defer to the main 
supervisor and do not have the same 
sense of involvement. 

In spite of the difficulties the scheme 
has attracted increasing numbers of well 
qualified students. Every single academic 
department of the university except one, 
and also the library is collaborating in 
the supervision of at least one project. 
The formula outlined has enabled inter- 
disciplinary doctoral research to proceed 
within a conventional university framework; 
albeit a university with considerable 
experience of sandwich course operations 
and commitment to them. 

Besides the promotion of 41 interdisci- 
plinary task forces the scheme has 
encouraged a positive philosophy of 
collaboration with enterprises in doctoral 
research. This has produced both the 
"sandwich'' registration procedure by 
research students spending up to two years 
with collaborating enterprises and a 
procedure for ensuring secrecy for thesis 
material up to three years from submission. 
This protects the confidentiality of 
firms' data and pending patents. 


Discussion and conclusions 


À clear case exists for individuals with 
interdisciplinary training. They are 
needed for the role of scientist-adminis- 
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trator to link the work of professional 
groups in segmented sub-structures with 
organisational goals.They are needed for 
task groups for socio-technical innova- 
tion, particularly for restructuring 
professional public services. 

Interdisciplinary training is also 
likely to be of critical importance in 
the adaptations required by the rapid rates 
of change of social institutions. 

The growth of knowledge is also likely 
to bring immense changes to the character- 
istics of professional activity. The 
capacity and experience of working across 
disciplinary boundaries will be of great 
value to individuals involved in the 
changes that professionals are likely to 
have to make in their activities to 
adapt to changing circumstances. 

However professional bodies aim to 
delineate strictly who may or may not 
practice in specific areas. Professional 
training is therefore antipathetic to 
interdisciplinary training unless the 
professional requirements are met in full. 

Interdisciplinary activity has been 
most successful in areas where profession- 
alisation is at a low level for example 
management and management science, 

Attempts have been made to introduce 
interdisciplinary training in universities 
but there are difficulties in changing an 
existing institution, as disciplines 
are traditionally the basis of organi- 
sation. 

Several new universities have adopted 
an interdisciplinary form of organisation. 
The University of Aston established an 
independent unit, the IHD scheme office, 
to promote and coordinate such activities. 
It has the advantage of building on the 
University's experience and commitment to 
sandwich education which provides a strong 
practical and task orientation. Consider- 
able support was also given by the 
Science Research Council who used the 
scheme as a pilot-study in broader based 
training. 

The difficulties have been in providing 
adequate career paths especially for the 
coordinating staff, and the substantial 
staff time required to orient and guide 
the projects and create an effective 
interdisciplinary synthesis. 

The formula used has allowed inter- 
disciplinary doctoral research in a 
professional context to develop at Aston 
and it has become an important part of 
the University's postgraduate research 
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programme, It has demonstrated that 
academically valid doctoral research can 
be conducted on an ‘'action'"' basis and 
that a task orientation can be used to 
provide a genuinely interdisciplinary 
approach. 

It involves pluridisciplinary training 
and research under the supervision of an 
interdisciplinary team including a member 
of the collaborating enterprise which 
provides the 'action' project. It is now 
in its fourth year of operations and 
accepting 16 students per year. 

Special devices such as this are needed 
if interdisciplinary task-oriented 
research is to proceed in a professional 
world and at the same time provide 
adequate career qualificationa and 
opportunities for participants. 
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The role of the artist in a post-industrial 
culture-a systems approach 


S. CORNOCK 
City of Leicester Polytechnic, England 


Introduction: the problem 


What we understand by ‘the artistic process” today 


The literature of Modern Art is ambivalent 
and opaque, and for present purposes it 
will be practical to say what we mean by 
‘the artistic process! today by reference 
to aspects of that process at which we can 
point. 

Discounting art teachers and amateurs, 
we find that the artist is an independent 
and competitive producer of primarily 
visual commodities for a market who is 
asked to invent without reference to any 
external guidance, there being no ‘official! 
style or content today. Though the art 


object has decorative qualities it is only 
its unique investment potential which pro- 
vides the motivation to purchase at prices 
which support the continued existence of 
Modern Art. The art market divides into 
two levels: new work, which shows some 
national variations and a roughly three- 
year turnover in fashion, and secondhand 
work, which we can treat as parallel with 
the antique furniture market. Art dealers 
operate out of showrooms similar to those 
used for prestige car sales, articles are 
sold off-the-shelf at (new) prices varying 
in the main between $500.00 and $5,000.00, 
and secondhand prices reach on up from 
around $5,000.00 to $5,000,000.00 in 
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auctions at which dealer-led ‘bidding-up' 
is common. Though it is in the dealer's 
long-term interest to advise the potential 
buyer, independent long-term investment 
prospect assessments are the province of 
the art critic, who deals with new work, 
while the independent validation of second- 
hand work is the province of the art 
historian, who is primarily retained to 
detect forgeries which might threaten con- 
fidence in the market. There is virtually 
no feedback from buyer to artist, the 
latter communicating exclusively with his 
professional peer group in a conscious 
attempt to influence the morphology of 
Modern Art; this he does through repro- 
ductions of his work in art magazines and 
through exhibitions in art museums and art 
galleries, most of which were constructed 
around 1870 and subsequently stocked as a 
tax-deductible charity on the part of 
successful members of the business communi- 
ty. These institutions reflect the vogue 
for encyclopaedism of the Victorian era in 
the sorting of the fragmented elements of 
cultures into national, stylistic or 
chronological sets and series. Finally we 
should reserve mention for the various 
biennale competitions in art, which are 
used to promote national cultural prestige 
at a level above that of the world fairs; 
the international juries are charged with 
responsibilities which are, at least in 
part, diplomatic. This then is a drastic- 
ally simplified account of what, in purely 
practical terms, we mean when we speak of 
‘the artistic process! today. 


Origins of the present situation 

It is customary to present Modern Art as 
belonging to the tradition of European 
fine. art. But, it will deliberately.be 
described here as an epiphenomenon: so, if 
Modern Art is a mere concomitant of the 
European fine arts tradition, to what con- 
ditions or pressures should we ascribe its 
emergence ? 

We may relate tendencies within the art 
world to more general tendencies within 
industrial society, as exemplified by the 
fragmentation and specialization of skill, 
and the parcelling of the fruits of labour 
into units which are convenient to the 
international marketing machinery, and so 
on. Thus we may find that, looking to the 
elements of the artistic process today 
which were touched on in the last section, 
though we can often find precedents for 
them, as such they have appeared since 
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about 1720, and have developed directly as 
a result of the pressures created by 
industrialization. 

An analogy may be drawn with inter- 
national chess, where a peer group of 
highly intelligent subjects have establish= 
ed a rich and esoteric pattern of exchange“ 
which looks mysterious and fascinating to 
the outsider; but in our case a market has 
fortuitously been established for the 
residue. Businessmen like to have nice 
things, particularly when bought on the. 
advice of dealers in various kinds of 
property — things which must be irreplace- 
able, and which can therefore be made to 
appreciate in value, especially given the 
devoted collusion of critics, dealers, 
and historians. In this spirit it was 
reported in an article ‘The £sd of Art! by 
Peter Fuller (New Society, 9 July 1970) 
that businessmen can now purchase shares 
in a Modern Art 'portfolio', thus dropping 
the pretence that the decorative value of 
the contents has any primary significance. 
And in 1940, Fortune magazine, reporting 
in an editorial feature on the extraordin- 
ary growth of IBM, said that its dynamo, 
Thomas J. Watson, had purchased 30,000 
‘art objects' inside ten years to this 
warehouse from which corporate offices 
could be cycled, a record which, it was 
claimed, would have 'staggered the lords 
of the Renaissance, 

This is, it is suggested, an unhealthy 
situation and a recipe for cultural homo- 
genization. But in 1946 the developed 
nations moved into transition out of their 
overwhelming industrial phase of develop- 
ment: we may therefore ask what might be 
the rôle of the artist in a post-industrial 
culture? Should we go back? 


Role of the artist in a post-industrial culture 

It is important to stress at this point 
that pre-industrial European cultures were 
based on patronage — now extinct. The 
patron would seek out and assemble his 

team of creators and with them seek to 
generate a cultural identity for himself 
and for those around him; it was essential 
that the individual ideas of those concer- 
ned be subordinated to the general scheme, 
so that, when we think today of the 
cultural milieu of such a patron our image 
should be of a piece — landscape, dress, ®# 
frescoes, music, manners, architecture — 
all welded into what was, evidently, a 
dynamic whole, and which remains today as 

a residual sense of cultural identity 


which entirely overrides any intrinsic 
aesthetic value associated with an indivi- 
dual object which may have survived (as 
this was presented the Vatican Pieta of 
the young Michelangelo Buonarotti was 
assaulted with a sledgehammer: culturally, 
this was no worse attack than that which 
was planned on the piece by way of encasing 
it in bullet-proof glass, surrounding it 
With armed carabinieri, and charging 
admission to file past the sculpture as an 
object of worship). 


ARTISTIC 
COMMUNITY 


INVESTMENT 
MARKET 


ART 
OBJECTS 


Fig.1 


The medium of patronage was thus a pre- 
industrial phenomenon. With the advent of 
industrialization the flow of information 
through the cultural system was diverted 
as indicated in Fig.l. With industrial 
emergence has come egalitarianism and it 
is unlikely that we shall return to any- 
thing corresponding to the élitism of pre- 
industrial patronage. 

The problem is thus one of re-establish- 
ing a rich exchange out of which an 
holistic pattern of cultural heterogeneity 
can emerge. This is to be accomplished in 
an environment which has, at a cultural 
level, been abandoned to industrial 
interests, and in which vast numbers of 
newly enfranchised individuals are condi- 
tioned to polarize their energies along 
the major dimension in an industrial soci- 
ety: work-leisure, 

We would entirely refute the notion that 
we are faced with a 'leisure problem', that 
having been the defining problem of the 
previous era; rather we would claim that 
it is necessary to engage the majority in 
some cultural dynamic, that this implies 
participation in a learning situation, and 
that it is thus necessary to shift the 
locus of available participatory behaviour 
at least temporarily outside the work (e.g. 
industrial) and leisure (e.g. passive) 
environments. This, it is suggested, 
implies the present transition of the rôle 
of the artist from that of manufacturing 


supplier of art objects to the catalysis 
of creative behaviour in situations 


involving multi-disciplinary small group 
interactions, where the participants see 


themselves neither as being at 'work' nor 
(Fig 2): 


at ‘'leisure'! 
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Fig.2 


The need for à metalanguage 


At the outset reference was made to the 
creative infrastructure supporting the 
mainstream of Modern Art as it has been 
shaped by its industrial environment; art 
criticism reveals a network of assumptions 
which are embedded in that infrastructure, 
and is therefore incapable of supporting 
the critique which the situation discussed 
seems to demand. Two requirements must 
therefore be met before we can proceed: 
first we must step outside the artist's 
domain and establish a metalanguage with 
which to appraise the cultural processes 
to which he should be contributing, and, 
secondly, we must seek some practical 
expressions of the notion of the artist as 
a catalyst of creative behaviour both as 
evidence for the transition already postu- 
lated and as cases with which to test our 
critique. 

As regards the latter, in an unpublished 
manuscript (The Alternative Tradition, 
1970) I have documented a train of activi- 
ties in or closely related to the arts in 
this Century of which I can do no more here 
than assert that they anticipate the 
transition postulated very clearly indeed, 
and that, in order to distinguish them 
from the mainstream of Modern Art with 
which some are readily confused, I have 
coined the term ‘alternative tradition; 
all of the cases cited in the second part 
(‘The schemata') of this paper are drawn 
from this set. 

The first requirement is of a meta- 
language capable of giving expression to 
the dynamic relationships which comprise 
any cultural process: it must be capable 
of dealing with the sum of such processes 
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without becoming hopelessly abstruse or 
cumbersome, and must nevertheless preserve 
a rigorous sense of the nature of the 
interaction sequences on which those 
larger processes are built. Such criteria 
suggest a cybernetic approach, somewhere 
between philosophy and mathematics, but, 
since what follows is a broadly systemic 
treatment intended to be comprehensible to 
a general audience, it will be seen as 
suggesting development in relation to 
General Systems Theory. 


A note concerning terminology 


Our vocabularies reveal webs of shared 
beliefs and assumptions. When, for example, 
wWeksayut.%. dt thisspoint.67 ER wWhaitoss 
revealed is a tendency to linearity of 
thought and argument, and hence to the use 
of sequential logic: beliefs and assump- 
tions of this kind appear to exist as a 
network of operators which allow us to 
handle a collection of facts fluently, 
without 'pausing for thought. 

A given situation might be described 
using two such vocabularies, as in the 
case of a game of poker, e.g.: 

i The vocabulary of the gambler ('luck', 

ete. , 
ii The vocabulary of the student of game 
theory ('zero-sum game', etc.). 
Each vocabulary will be associated with a 
qualitatively distinct set of actions and 
outcomes, and we may assume that their 
respective users will misconstrue state- 
ments by the other. 

Yet we may observe that, following a 
demonstration of the effectiveness of 
game theory, a gambler may accept the 
particular advice of a student of that 
discipline; but he would be very reluctant 
indeed to acknowledge the game theoretic 
vocabulary. The advice is thus isolated to 
the particular occasion, and, though game 
theory has offered a published route to 
better-than-average decision-making in 
poker for a quarter of a century, the Las 
Vegas gambler's vocabulary and performance 
remain vitually unchanged. Why is this? 

The sum of the networks of beliefs and 
assumptions referred to above comprise the 
major part of what I shall refer to as 
‘'culture'; specifically, our society is 
pervaded by a general cultural modality, 
the morphology of which must include the 
vocabularies of: 

Protestant Ethics 

market economics 

perspective space 
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machine technology 

and so forth. 

But, within this general modality, local 
systems, together with their associated 
tropisms, prevail — the gambler and the 
game theorist illustrate this. Of these 4 
local tropisms we may observe that they L 
tend either towards or away from the 

general cultural modality. 

What can be observed here is that a new 
trick can spread where the cultural 
modality of which it is an element is 
still not accepted, but the threat to the 
established cultural modality is sensed 
as a threat. Such a change disturbs our 
delicate superstructure of beliefs and 
assumptions, and threatens either our 
local sub-culture or at worst the general 
cultural modality. 

Here then is one reason for our resist- 
ance to the introduction of new elements 
into our vocabulary: an unfamiliar vocabu- 
lary is like an insurgent or guerilla 
force, and can threaten a culture without 
prior proof of the viability of the system 
that it represents; conversely, recruit- | 
ment to a novel system by demonstration is” 
threatened by the continuing possibility 
that the next trial may prove ineffective. 

Hence the vocabulary of the gambler is 
consistent with the sub-culture represented 
by the Las Vegas amusement arcade, while 
that of the game theoretician reveals the 
scientific and academic milieu to which he 
‘belongs'; the acquisition of gains 
through the gambling process is a common 
feature of each modality, but is entirely 
subordinate in each case to the preserva- 
tion of the integrity of those respective 
modalities. Otherwise it is evident that 
one would be partially or wholly subsumed 
by the other. 

The relevance of thesenotes to th2s 
general systems model of the artistic 
process lies in the suspicion with which 
the art world views the scientific commu- 
nity and its methods, There is a very real 
concern among artists that the arts are 
threatened with subordination or oblitera- 
tion in any embrace with the scientific 
community. At this stage it is too early 
to see whether the general systems approach 
will add an interdiscipline to the sciences, 
or whether it will provide a truly general 
level of discourse able to bridge the gulf 
of understanding between arts and sciences 
— without merely fuzzing over the vital 
differences which exist between the two 
realms. 


The schemata 


The current view 


The-current view is of a causal chain. 
‘Meaning' is held to originate within the 
artist himself: the artist is held to 
‘create', and that which he has created he 
then is held to encode with his hands in 
the art object; thereafter this formally 
encoded content is transmitted visually to 
the viewer, who uses art appreciation to 
decode it for critical evaluation, 

This view and its variations I shall 
refer to as the "communication model! of 
the artistic process. 


T4 [ARTIST ART OBJECT 
T> | ART OBJECTI-NVIEWER 
Fig.3 


Figure 4 elaborates the basic configura- 
tion of this model shown in Fig.3 so as to 
show the contribution of the work to the 
morphology of art, and so also as to allow 
the customary refutations of the implica- 
tion that the artistic process is determin- 
istic. Note that effect "A! will condition 
effect 'B', and that effect 'B' will in 
turn condition effect 'C', which, as Marcel 
Duchamp has suggested, must limit the life 
of the art object. "D' will continue to 
vary during the subject's lifetime. 


Classification 

What are the requirements that we might 
make of an alternative to the communication 
model of the artistic process? To the 
general remarks about the nature of the 
metalanguage being used (section "The need 
for a metalanguage' above) we can now add 
some characteristics of the model sought, 
First it is proposed to abandon the attempt 
to examine and describe things which are 
inherently unexaminable and indescribable, 
so that we restrict ourselves to dealing 

in this model only with the artistic 
process per se; detailed analysis of the 
elements in that process might be relinqui- 
shed to appropriate specialists. We can 
now treat that process as independent with 
respect to: 
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PERCEPTUAL 
EXPERIENCE 


Fig.4 
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1 Particularly sensory modalities 
(note that art is thus treated as 
categorically removed from all con- 
siderations of sensory perception, 
and that this model would not neces- 
sarily be sensitive to the customary 
distinction drawn between painting 
and music). 

ii The physical dimensions occupied by 

the artwork 

(we cannot therefore distinguish 

painting and sculpture using this 

model; we may note that the true 
distinction is at any rate conven- 
tional, there being two-dimensional, 
or nearly so, sculptures and three- 
dimensional, and impressively so, 
paintings). 

Particular media of expression 

(thus, though we may contemplate 

‘computer science', there is no 

corresponding class ‘computer art! 

within the terms of this model). 

We now replace the classes into which 
the category 'art' is divided (using the 
communication model) into classes which 
are more appropriate in the light of the 
above observations and the nature of the 
metalanguage in use, Two main classes seem 
at this time to offer themselves as able 
to account for all of the main sub-classes 
with which we may wish to deal (which 
would include painting, sculpture, Kinetic 
Art, the schema described below, among 
others): 

1. The organizationally static art system 

- this can be clarified by reference to 
FEIBLEMAN & FRIEND (1945): 


Ru 
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MStatics treats of organizations as 
independent of their environment and 
therefore as isolated from problems 
of interaction with other organiza- 
tions, 

- from which we derive the concept of a 
class which will include all art works 
the quality and functioning of which 
are strongly determined by factors made 
intrinsic to them by the attentions of 
the artist. We understand that it will 
be necessary to exercise as much care 
in the application of this classifica- 
tion as with any other, in that the 
reality with which it is intended to 
deal comprises a spectrum of possibili- 


ties. 
2. The organizationally dynamic art 
system 


- again referring to FEIBLEMAN & FRIEND: 
"Dynamics treats of organizations as 
dependent to some extent upon their 
environment and therefore as inter- 
active with other organizations." 

- from which we derive the concept of a 
class which will include all art works 
of which we can observe that the quality 
of any decisions or artifact included 
by the artist in such a work is subordi- 
nate to a number of extrinsic and inde- 
terminate factors. 

We do not propose at this time to attempt 
a systemic representation of the artistic 
process as it includes the class of organi- 
zationally static art systems since it is 
easier to demonstrate the nature of this 
approach by discussing that process as it 
includes certain works which are altogether 
beyond the range of the communication 
model. 


ENVIRONMENTAL 
VARIABLE (S) 


DYNAMIC 


ARTIFACT 


VIEWERS 
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Fig.5 


Whilst making these distinctions it is 
vital to stress that art has always 
existed as a process, and that in taking 


issue with the communication model: 
ART AS OBJECT. vs ART AS SYSTEM 
is treated as a separate issue from: 


OBJECT-PROPERTY DESCRIPTIONS 
VES 
SYSTEM-PROPERTY DESCRIPTIONS 


We shall now consider some schematic 
representations of sub-classes of artwork 
considered within the framework of this 
general systems approach to the artistic 
process. 


Dynamics 
If we couple the artwork to some variable, 
as for example to wind currents, or to 
changes in temperature, it becomes neces- 
sary to abandon any such representations 
as Fig.3 in favour of a representation 
which can reflect the fact that the art 
work now includes within its system- 
property description a part of the physical 
environment, an artifact which varies as 
the environmental variable(s) chosen vary, 
and the real-time response of the specta- 
tors to observed behaviour of the system. 
Examples: 
Mobiles, 1935-, Alexander Calder, e.t. 
Antennae with Red and Blue Dots, 
CALDER, 1960; Tate, London. 
Two Lines, Oblique, RICKEY, George, 1970; 
collyrthe antrst, 
- where wind currents are translated into 
delicate movements, whereas the following 
cases involve either the fact or the 
intention of transduction, using electronic 
sensing: 
Various structures, 1954-, Nicholas 
Schoffer, e.g. 


Tour Spatiodynamique, SCHOFFER, 1954, 
Cybernetic Light Tower, SCHOFFER, 1967-, 


Rond Point, Paris. 
- and the following example is problematic: 
Seek, Architecture Machine Group, Dir. 
Negroponte;"M IT /SME97%e 


Réciprocity 


What must now be considered are those 
cases in which the 'environment' and the 
‘spectators' coincide; the work may be 
isolated from the natural environment 
(e.g. in an art gallery) and is therefore 
dependent upon the (perhaps unwitting) 
participation of those present, This 
requires a modification to the representa- 


tion given in Fig.3, and this is provided 
in Fig.6, which shows what is probably a 
lower-order system. 

In evaluating such systems we are inter- 
ested to know the degree to which the 
exchange of information entailed can 
generate 'meaning', and the degree to 
which the work relies on the information 
passed from the artist to the artifact in 
order to achieve its effects. Our view is 
that works such as this use the partici- 
pants only as binary switching elements, 
and that the power of such works to 
generate ‘meaning! out of the resultant 
information exchange is so seriously 
limited as to face the artist with a 
dilemma: either he must rely on imagery 
associated with the work to suggest 'con- 
tentes. 

Soundings, RAUSCHENBERG, Robert, 1968; 

Museum of Modern Art, New York. 
- or he must content himself with a reci- 
procal artifact the potential of which is 
so severely circumscribed as to fall far 
short of that of an organizationally static 
artwork by an artist of equivalent stature. 
Examples: 

Network I, SEAWRIGHT, James, 1968-09; 

coll. the artist. 

Sonic Six, JONES, Howard, 1968; coll. 

the artist. 


T] ARTIST ARTIFACT 
T | 'ARTIFACT Fe PARTICIPANTS 
Fig.6 
ps 


Fig.7 


Participation 

A further sub-class of art systems consists 
almost entirely in participatory behaviour. 
Such activities, which have their origins 
in the fêtes associated with the French 

and Russian Revolutions, were crystallized 


ARTIFACT 


INTERFACE 


PARTICIPANTS 


System-boundary 


Fig.8 


in the approach of the Futurists in the 
early years of this Century, and later in 
the Fluxus and Happenings which took place 
in Germany and in the United States during 
the last decade. (Such works are ephemeral, 
and examples would be inappropriate.) 


They may be defined as art in the absence 
of any artifact, consisting in the speci- 
fication of a matrix, within which essen- 
tially unpredictable behaviour takes place. 
The participatory artwork is distinguished 
from theatre by reference to the locus of 
creation, which is, in the former case, in 
the event, and in the latter, in the mind 
of the author. 


Interaction 
To improve on the performance of the 
reciprocal artwork we should concentrate 
on: 

a. the man-machine interface, and 

b. the information-processing capabili- 

ties of the ‘machine! 

-and if we manage to achieve a significant 
improvement we cross a threshold into the 
realm of the interactive artwork. This 
threshold may later be defined, but at 
present the distinction must remain sub- 
jéctive. 

As in the previous cases discussed, the 
process can be regarded as a series of 
state changes initiated alternately on 
either side of an interface, so that the 
artifact varies in response to participant 
stimuli, and vice versa; on either side of 
the interface there is assumed to be a 
measure of adaptation, or learning. 
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We may consider the observation that the 
interactive artwork represents the sub- 
class in which important development 
may be anticipated during the coming 
decade; this kind of work must develop as 
a special class of learning system. We may 
further observe that information is seen 
to cross a man-machine interface the 
sensitivity of which is not critical: that 
is, we do not, for example, need to 
measure the complex emotional states of an 
individual. But the system dealing with 
the information which passes from the 
participant across the interface must 
exhibit the properties of an adaptive 
learning device, The game of chess is a 
clear example of a situation in which a 
severely limited amount of information can 
be signalled across an interface (denoted 
by board and pieces) between the players, 
and through which we can nevertheless 
witness an extension to, rather than an 
attenuation of, human intelligence. What 
is significant here is not the sheer 
number of bits of information available 
at the interface, but the capacity of the 
system receiving to ascribe a dynamic 
relationship to them, 

Note that 'meaning' is generated inde- 
pendently on either side of the interface, 
and that only ‘information! is passed 
through the system. 


Summary definitions 


The dynamic artwork is defined in the 
organizational dependence of the artifact 
on some environmental variablel(s). 


420 


The reciprocal artwork treats its 


spectators as its environment, but the 
successive states through which it passes 
are related to participatory responses 
only in their timing. 

The participatory artwork is defined in 
the inter-personal reactions of a group of 
participants to a situation specified as 
a fmatrix'. 

The interactive artwork exists in a 
mutual exchange between man and machine, 
but the successive states through which it 
passes are elaborately related on either 
side of an interface. An extension of this 
class of work into a special kind of 
learning system is anticipated. 

Notes and references 


FEIBLEMAN, J., and FRIEND, J.W./,"0Tne 
structure and function of organization, 
Phil. Rev., V54, p192(1945% 

CORNOCK, S., 'Towards a general systems 
model of the artistic process', Combined 
Study Group Monograph No.l, City of 
Leicester Polytechnic, England (1970); 
subsequently published in Control 
Magazine, No.6, Ed. Willats, London 
(1972). 


Further references to articles, papers and 
actual works involving principles descri- 
bed in this paper can be provided by the 
Secretary to the Combined Study Group, 
City of Leicester Polytechnic, England. 


Note: The second part of this paper is a 
revised and abridged version of a paper 
written in 1970 under the same title and 
published in Control Magazine, No.6, Ed. 
Willats, London (January 1972). 
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On general systems education 


D. C. GAUSE and G. M. WEINBERG 


School of Advanced Technology, 
State University of New York at Binghamton, USA 


To understand an event, or a sequence 
of events, means to fit it into a pre- 
conceived scheme of thought or percep- 
tion. It may be a scheme shared by many, 
or it may be one's own private scheme, 
At one extreme are the conceptual 
schemes of science, called theories; at 
the other, the delusions of psychotics,. 
(A. Rapport, 1971) 
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A decade ago, each article on ‘general 
systems'' had to open with an explanation 
of the term itself, for nobody had ever 
heard of it. Today, the same opening is 
required -- for the contrary reason, 

One's views on general systems education 
will be shaped primarily by one's concept- 
ual scheme for 'general systems.' We 
wish to present a view which is somewhere 
between the extremes Rapport suggests - 
certainly not a theory, and, because it 
is shared by a small but active group, 
not psychotic. Perhaps it is an example 
of group psychosis, but we leave that 
judgement to others. 

We use ‘general systems' as an adjective 
denoting an approach to dealing with 
'problems.' We do not deal with things 
called ‘general systems,' whatever they 
may be, 

This ‘general systems' approach should 
be distinguished from two other large 
classes of approaches: the 'scientific- 
disciplinary-inductive' approach and 
the 'mathematical-interdisciplinary- 
deductive' approach. 


The scientific-disciplinary-inductive approach 


Facts are the air of scientists. Without 
them you never can fly (Pavlov). 


Roughly, the scientific-disciplinary- 
inductive approach is characterized by a 
staked-out ‘''field of study'' over which 


other claimants are not supposed to fly, 
let alone mine for nuggets. Thus, human 
psychology laid claim to the study of 
individual human beings, sociology laid 
claim to groups of human beïings, and 
social-psychology attempted to live on 
their common border - the study of small 
groups of human beïngs. 

If a field has found a rich lode, the 
ranks of its practitioners grow and the 
claim may be subdivided. Each subdivision 
then becomes a claim for which the 
fissioning process may be repeated. 

Human psychology represents a division of 
the spoils with animal psychology, and is 
in turn subdivided into psychophysics, 
motivational psychology, industrial 
psychology, psychology of learning. 
psychological psychology, psychology of 
perception, developmental psychology, or 
what-have-you. 


General systems writers have often 
deplored this division, but we believe 
they are mistaken. The method of division 
is isomorphic to the very methods of 
science — the understanding of phenomena 
by analysis. Contrary to the views of 
these writers, there is nothing inherently 
wrong with analysis, for many problems 
yield willingly to this approach. 

The main trouble with analysis comes 
when results drawn from one small terri- 
tory are erroneously applied to another. 
Practitioners may forget that they are 
working in one small territory and begin 
to imagine that their territory is the 
universe. One of the original goals of The 
Society for General Systems Research was: 

"4, To promote the unity of science 

through improving communication 
among specialists." 
We support that goal, and our philosophy 
of general systems education embodies it. 
The general systems approach also begins 
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by staking out a territory - the set of 
all approaches to dealing with problems. 
Since the general systems approach is 
itself part of this territory, we expect 
that general systems people should be 

more aware of the limits of their approach 
than are other disciplinarians. It is not 
always so. 

Generai systems people are often as 
parochial as any other students of the 
universe. When a psychologist is parochial, 
he at least may be a good psychologist; 
but, when a generalist is parochial, 
he is - by definition - not being a good 
generalist. Whatever one may think of 
psychology, there are undoubtedly good 
and bad psychologists, and the same is 
true for general systems people. 

The general systems territory is 
protected against subdivision. If a 
practitioner begins to subdivide the 
territory, he ceases for that time to be 
a general systems person. If he begins 
to experiment with problem-solving 
heuristics, he becomes, for that interval, 
a psychologist. In our view of the 
general systems approach, such practitione 
rs at such times must be subject to the 
full judgement of the specialists in 
each field. There must be no refuge in 
the claim that they are generalists, not 
psychologists. If they are doing bad 
psychology, then they are doing bad 
general systems work - even though they 
are not doing general systems work at all. 

Clearly, general systems is dependent 
on scientific-disciplinary approaches, 
and could not live without the immense 
body of science, If it is to be a symbiont 
and not a parasite, it must return some- 
thing of value to that body. 


The mathematical-interdisciplinary-deductive approach 


In universities, mathematics is taught 
mainly to men who are going to teach 
mathematics to meh who are going to 
teach mathematics to ... Sometimes, it 
is true, there is an escape from this 
treadmill. Archimedes used mathematics 
to kill Romans, Gallileo to improve 
the Grand Duke of Tuscany's artillery, 
modern physicists (grown more ambitious) 
to exterminate the human race. It is 
usually on this account that the study 
of mathematics is commended to the 
general public as worthy of State 
support. (Russell, 1954, p.54) 
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When we speak of the ‘'mathematical-inter- 
disciplinary-deductive'' approach, we do 
not mean mathematics in Russell's first 
sense, which is not an approach to 
dealing with problems but a closed intell- 
ectual pursuit. What we mean is closer 

to Russell's second sense, which has in- 
deed all too often been mathematics | 
applied to the extermination of subsets 

of the human race. We need only note 

with a twinge of sadness that the most 
prosperous of these branches of 'applied 
mathematics' had their origin and greatest. 
success in military applications - 
'cybernetics' and 'operations research.'! 

Hopefully, these approaches have to 
some extent outgrown their military ori- 
gins, just as they have outgrown their 
disciplinary ones. The natural history 
of such fields seems to begin with speci- 
fic problems crying out for solution - 
problems for which new techniques are 
developed. Once the new technique has been 
born, it begins a life of its own, where- 
upon the discipline also begins independe- 
nt life. 

Although the origin myths of these fields 
are often recounted to disprove it, the | 
fields, once mature, start with an approa- 
ch and then go searching for a field of 
application, rather than the reverse, If 
scientists can be said to be problem 
solvers, these interdisciplinarians could 
be called ‘''solution problemers''!,. Because 
they start with a method of solution, 
their pursuit is not for ever-narrower 
fields of application, but ever-wider ones. 
As a consequence, their interdisciplinary 
activities often bring them at cross- 
purposes with the disciplinarians. 

An analogy would be the proper general 
systems way to illuminate the differences, 
conflicts, and cooperations between disci- 
plinarians and interdisciplinarians. We 
shall draw upon the ideas of Lattimore 
(1951) concerning the articulation of 
sedentary farmers and nomadic hunters in 
ancient China, though our interpretation 
shall be rather fast and loose, 

If the disciplinarians are likened to 
landlords, the interdisciplinarians are 
like hunters - specialized as to game. 
Since game may be found on anybody's 
territory, hunters must be free to move 
about, and thus come to deplore fences. 

The landlord's world-view, on the other 
hand, partitions the world into plots, 

and says that anything on a plot "belongs!! 
to the landlord, At times, these belief 


systems are the source of conflict. 
Sometimes, however, a hunter is welcomed 
onto the holding to stay and hunt for a 
while, since the landlord may not be a 
competent hunter, yet be overrun with 
varmints. 

If a hunter settles for too long on one 
territory, he runs the risk of becoming a 
landlord, and we often see this conversion 


of interdisciplinarians to disciplinarians, 


just as the Mongol monad hunters became 
sedentary Chinese cultivators, General 
systems people share this danger, but in 
two directions. In terms of our analogy, 
the general systems person is a hunter of 
all game, not just one species. He may, 
for a time, hunt one particular piece 

of land - in biology, psychology, or 
economics, for example. In that case, he 
becomes for a time a landlord - a biologi- 
st, a psychologist, or an economist. On 
the other hand, he may become fascinated 
with the pursuit of only one species. In 
that casé, he becomes a specialist- 

hunter - a simulator, a cybernetician, a 
queueing theorist, or a linear programming 
expert. 


The general systems approach 


At each level there are scientists who 
apply systems theory in their investi- 
gations. They are systems theorists but 


not necessarily general systems theorists. 


They are general systems theorists only 
if they accept the more daring and 
controversial position that - though 
every living system and every level is 
obviously unique - there are important 
formal identities of large generality 
across levels, (James G. Miller, 1972, 


p.2) 


In the preceding section, we spoke of the 
risk!" of being converted into a discipli- 
narian or interdisciplinariag. This perjo- 
rative terminology is common, but we wish 
absolutely to disavow its use. We do not 
believe the general systems approach rests 
on the backs of a professional body of 
practitioners who are in constant danger 
of slipping from the straight and narrow 
path. We believe, instead, as Miller 
implies, that the general systems approach 


exists without the existence of any full- 
time ‘general systems theorists.' 


To go one step further, we believe that 


the general systems approach exists because 


full-time general systems theorists do 
not exist - regardless of current claims. 
The normal mode in which we practice the 
general systems approach is to slip into 
and out of the roles of disciplinarian and 
interdisciplinarian. Or, rather, in 
Miller's perspective, slipping into the 
role of general systems theorist -when 
we are daring enough. As soon as people 
settle down and begin to specialize in 
general systems theory, they define them- 
selves out of the business. 

Our view is supported by evidence from 
the careers of the 'founders' of the gene- 
ral systems movement. None of them, to 
this day, lays claim to being a ‘general 
systems theorist.' If you forced Kenneth 
Boulding to choose his profession (and 
who could force Kenneth Boulding to do 
anything?), he would reluctantly admit to 
being an economist, Von Bertalanffy is a 
biologist, or more specifically, a devel- 
opmental biologist. Miller himself is a 
psychologist or psychiatrist, the latter 
profession being shared with Ross Ashby, 
who also lays claim to being an electrical 
engineer, or cybernetician, but never 
a general systems theorist. Anatol Rapoport 
might volunteer that he is a pianist, or 
confess to being a game theorist, mathe- 
matical biologist, mathematical psycholo- 
gist, or a political theorist, or a number 
of other things, but a general systems 
theorist? Not to our knowledge. 

And so it goes through the entire 
hagiarchy of general systems theory. Which 
leads us to the first axiom of the 'gener- 


al systems approach! - anyone who claims 


to be a general systems theorist cannot 
be one, for there is no such thing. 


In this sense, general systems is like 
meditation., There may be people who do 
research in meditation technique, and 
there may be people who teach meditation 
technique, and there may even be people 
who do both, but there are no people who 
make a living by meditating. Similarly, 
there are no people who make a living 
by ‘'doing' general systems - though there 
may be people who make a living by saying 
they are doing general systems. 

If our understanding of the general 
systems approach is correct, it explains, 
at least, in part, why there has been so 
much confusion. What the disciplinarians 
and interdisciplinarians share is the 
existence of practitioners - psychology 
is what psychologists do and cybernetics 
is what cyberneticians do. General systems 


423 


is what we all do, when we dare, and yet 
that which none of us does for a living. 
Such a beast just doesn't fit within our 
ordinary thought patterns about what an 
approach! should be, 


General systems education for whom? 


1. To investigate the isomorphy of 
concepts, laws, and models in various 
fields, and to help in useful trans- 
fers from one field to another; 

2. To encourage the development of 
adequate theoretical models in the 
fields which lack them; 

3. To minimize the duplication of 
theoretical effort in different 
fields ... 

(from the goals of the Society for 
General Systems Research) 


Since there are no professional general 
systems theorists, there should be no 
danger that in the university general 
systems theory will be taught to people 
who are going to teach general systems 
theory to people ... There is a danger 
that the name general systems theory will 
be propagated this way, and that someone 
soon will begin to offer a degree in 
General Systems Theory. In our own school, 
we have just won a battle - but not the 
War - to prevent this sorry state from 
arriving, and we can anticipate that the 
wars Will not be won indefinitely. Yet 
clearly, if one reads the manifesto of 
the Society for General Systems Research, 
one sees that whatever it is of general 
systems theory to be taught, is to be 
taught outwards, 

Significantly, the original name of 
SGSR was the Society for the Advancement 
of General Systems Theory, but ''some felt 
that this indicated that it was engaged in 
the propagation of an exclusive theory or 
conceptual model, an impression which was 
not intended.'' (Meier, 1957) In other 
words, general systems theory, whatever 
it was, was not to become disciplinary 
property. Maintaining the outward direc- 
tion of general systems activities is 
even more important today, when discipli- 
nary frontiers are closing and the price 
of new disciplinary properties is being 
driven upward by academic speculators. 
Therefore, we reaffirm the original 
position of SGSR and categorically reject 
attempts to set up curricula leading to 
degrees in General Systems Theory. 
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Putting things more positively, we 
believe that the main educational audience 
of general systems theory is the same as 
it has always been - the disciplinarians 
and interdisciplinarians of science. The 
aim of such education is first of all to 
improve their disciplinary or interdisci- 
plinary work, insofar as the approach has | 
something to offer. For some, general 
systems education may stimulate contri- 
butions to the body of general systems 
knowledge, but these contributions, as 
always, will be in the nature of occasion-. 
al forays into no-man's-land. 

If general systems education meets its 
goals, students should become more aware 
of the relationship of their discipline 
or interdiscipline to those of other 
workers. Such education will not only 
minimize the duplication of theoretical 
effort in different fields,'' but may 
facilitate movement of persons as well as 
ideas among specializations. It may also 
have value for people who have no special- 
ization at all. 

The world is not partitioned into disci- 
plinarians and interdisciplinarians — most 
of the people in the world are just people. 
And even disciplinarians and interdisci- 
plinarians are people part of the time, so 
general systems education might have some 
effect on their people-component as well 
as their specialist-component. 

We believe general systems education 
properly done, can have enormous value 
to people as people - or, more precisely, 
as people living in a society of ever- 
increasing complexity. We believe this 
complexity can be either promise or prison, 
and we believe the choice depends on 
the education of ordinary people. As 
Brougham observed, education makes 
people ‘''easy to govern but impossible to 
enslave.'' At the present time, when there 
is danger of man being enslaved by the 
very complexity of his manufactured 
environment, general systems education 
has a contribution to make to the 
education of every person. 

And, on the other end of the spectrum 
from the ordinary citizen, there is per- 
haps another individual who might benefit 
from concerted exposure to the general 
systems approach - the macro-problem sol- 
ver, a person who studies approaches to 
problem solving so as better to direct 
or consult in large scale problem solving 
efforts. These efforts, by their very 
size and complexity, defy either disci- 
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plinary or interdisciplinary definition, 
and by their very specificity, lack inte- 
rest to all those not directly involved, 
The role of the macro-problem solver is 
to determine what resources - people, 
tools, bodies of knowledge - should be 
brought to bear, and, in the case of the 
‘problem solving manager', continually to 
allocate the resources and catalyze the 
process until resolution occurs. 

Basically, then, general systems educa- 

tion could accomplish several objectives 
for several groups of people: 

1. Provide insights and tools for the 
disciplinarian and interdisciplina- 
rian of immediate use in their 
respective fields. 

2. Lead to the development of avenues 
of communication among fields. 

3. Provide a firm foundation for the 
relatively new activity of macro- 
problem solving. 

4, Make concepts available to the public 
that. can help individuals to under- 
stand, appreciate, and thus cope 
effectively with the complex systems 
of which we are all a part. 


The problem-solution myth 


One could argue indeed that economics 
has had certain negative effects in that 
it has improved the efficiency of doing 
things that probably should not be done 
at all. (Boulding, 1970, pp.151-152) 


The general systems approach, being conc- 
erned with method, is also in danger of 
improving ‘''the efficiency of things that 
probably should not be done at all.'' Just 
what are these "problems! to which general 
systems is an approach? Our dictionary 
defines a problem as ''a question or 
situation that presents uncertainty, per- 
plexity, or difficulty.'"' While this 
definition is reasonably clear, our 
rather precise dictionary begins to 
founder on the word ‘solution. 

A solution is ‘''the method or process of 
solving a problem'' - which bases the 
definition on the word ''solve.'' We then 
find that solve means ‘'to find a solution 
to; answer; explain.'' This tosses the ball 
to l'answer!' and ''explain,'' yet we find 
that ‘'answer'' means ‘a solution or result, 
asto-a-problem.'!' l'Explain'' is a little 
better, for to explain is to ‘'make plain 
or comprehensible; remove obscurity from. 


Looking carefully at these and related 
definitions, we discern that ‘''problems' 
in the sense of ''perplexities'' may be said 
to be ''solved'' if the obscurity is removed. 
In other words, problems and solutions 
seem to have an entirely mental existence. 
Consider, for example, the realm of world 
affairs, in which we have problems of 
Communism, Capitalism, Under-Developed 
Nations, Population Explosion, or what- 
have-you, On the national level we have 
the Farm Problem, the Civil Rights 
Problem, and the Problem of Medical Care 
for the Aged. To each of these ‘'problems," 
politicians - both professional and arm- 
chair - offer their ‘''solutions,'' and we 
all jump eagerly into the game. Like 
Scrabble, however, it is purely a word 
game, the purpose of which is to ‘'make 
plain or comprehensible; to remove 
obscurity from. 


Since these ''problems'' are so remote, 
little harm is done by the game of 
creating world problems on the ten 
o'clock news so they may hold the viewers 
through the commercials to the ‘''solutions' 
on the eleven o'clock editorials. Yet, 
the closer this game gets to the lives 
of individuals, the more harmful it grows. 
A father decides he is not providing a 
proper house for his family; a young girl 
decides that her problem is not being 
married; a laboratory assistant believes 
his problem is lack of education. What 
"solutions'' will these people attempt? 


But do not ask, ''Are there then no 
solutions to any problems?" Once we have 
accepted the reality or importance of 
problems, accepting the reality or 
importance of ''solutions'' is easy. Ask, 
therefore ‘'How is it we began thinking that 
human life - on any level - could be 
partitioned into problems?" 


We believe that this partition can be 
traced to the partition of knowledge, and 
that it is propagated by institutions 
charged with education and partitioned 
along various territorial lines. 


Consider the following problem: 

If Bill can chop a pile of wood in 5 days, 
and Henry can chop the same size pile in 
10 days, how long would it take Bill and 
Henry working together to chop such a 
pile? 
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Early in our lives we learn that the ques- 

tion of how fast Bill and Henry working 

together can cut wood is an 'algebra prob- 

lem' — which means that the "solution! is 

found in an algebra book. We learn, 

concomitantly, that 

a. The rate of cutting wood is the 

important dimension to woodcutting, 
since unlike dimensions such as 
quality of the wood or destruction of 
the environment, rate of cutting can 


be quantified. 
b, The rate of cutting is a quantity 


unaffected by human qualities of Bill 
and Henry, such as their inability to 
work well together or the inspiration 
that each given the other; by ''extern- 
al'' factors, such as temperature or 

other working conditions; or in gener- 


al by anything not stated in the 
problem. 


c. Everything explicitly stated in the 
problem is important, and must be 
somehow worked into the solution. 

d. The solution is a unique set of 
symbols which, when written down, 
provide the final word - which may be 
checked by appeal to authority: the 
teacher or the back of the book. 

As we proceed with our discussion of 
general systems education, we shall refer 
repeatedly to each of these parts of the 
problem-solution myth. 


A wider view of approaches to dealing with problems 


In recent years, the Society has been 
increasingly concerned with the 
application of general systems theory 
to various organizational and societal 
problems, (General Systems Bulletin, 
1971) 


The gradual change from a concern with 
problems in science to problems of 
society in general is, as far as we can 
see, more of a paper concern than 
anything else. In the worst cases, 
workers become concerned with problems of 
society because the government is giving 
grants for 'solving the problems of 
society.' In the best cases, lack of 
understanding of the process of problem 
solving outside of the special scientific 
context leads to belief that the same 
techniques can be applied. General 
systems education, if it pretends to be 
expanding in concern to a wWider class of 
problems, has to encompass a wider view 
of the process of dealing with problems. 
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Problems do not exist in nature, nor 
do they exist solely in the human mind. 
Problems are a relationship between a 
state of nature and a human mind, a rela- 
tionship which sends that mind into 
‘uncertainty, perplexity, or difficulty.' 
These are states ordinarily thought to 
be undesirable, so that a resoiution of 
the problem comes when these states are 
removed, by some means or another. 

For example, the mind may be ours and 
the state of nature may be the condition 
of human life in some such 'slum' area 
as Bedford-Stuyvesant in New York City. 
Once we become aware of this state of 
nature, we may find ourselves uncertain, 
perplexed, or otherwise in difficulty. 

We may remove these disturbing states 
by such actions as 

a. Donating money to a charity which 
says it will do something about 
Bedford-Stuyvesant. 

b. Occupying ourselves with the 
intellectual pursuit of the histori- 
cal background of Bedford-Stuyvesant. 

c. Elevating our concern with slums 
in general, and their relationship 
to 'larger' issues of our time. 

d. Campaigning for ‘urban renewal'! so 
that the slums will be removed from 
our sight. 

e. Moving into the area, dispensing 
medicine, scrubbing floors, and 


teaching children to read and write. 

f. Forgetting what we saw. 

g. Adopting a religious belief that 
convinces us that suffering is inevi- 
table, though sad. 

h. Applying for a Federal grant to make 
mathematical models of slums, since 
our basic interest is in mathematical 
models, and we are not well trained 
in other methods of problem solving. 

Whichever path towards ‘''solution!'' we choo- 
se, we will next be involved in observa- 
tion. Our perception of the nature of the 
"problem!" - that is, of what kind of 
“solution'' we are seeking - will determine 
and be determined by what we observe, Our 
early training will tend to make us beli- 
eve that we have all and only the infor- 
mation needed in the solution. This view 
is supported by our defining the problem 
in terms of what we have happened to 
observe, 

In Bedford-Stuyvesant, we may have 

read a book, or seen a map, or walked 
across a street strewn with broken glass, 
or tripped on a bleeding drunk slumped 
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in a doorway, or smelled urine steeping 
on a radiator in the grammar school, or 
spoken with a frightened liquor store 
owner, or been bumped and jostled while 
waiting on the corner for a bus, The 
richness of these observations overwhelms 
us. We are accustomed to having our 
problems neatly packaged. Therefore, we 
begin to condense, either by ignoring 
things we think are unimportant, or by 
avoiding methods of observation that 
yield disturbing information. 

In Bedford-Stuyvesant, we would surely 
begin to ignore unpleasant experiences 
in favour of the more familiar and comfo- 
rtable facts and figures. We are almost 
certain to cast out ambient weather 
conditions, air traffic continually 
buzzing overhead, the New York Stock 
Exchange Index, and even the move of the 
Brooklyn Dodgers baseball team to Los 
Angeles, yet we should be hard put to 
deny the role of each of these factors 
in the evolution of what we call 
Bedford-Stuyvesant,. 


Having discarded massive amounts of 
information in order to reduce the 
problem to manageable proportions, we 
now begin modelling. We construct hypo- 
theses in an attempt to describe the 
state of nature and answer the questions 
which led to our disturbed - or ‘problem! 
- state. Since we have been trained 
scientifically, hypotheses must be tested 
before we permit ourselves to believe 


that the problem has been solved, The stage 


of testing, or verification, forces us to 
determine whether or not the model makes 
sense. 

In other words, does the model answer 
the questions which began our investiga- 
tion? If not, which is rather more than 
likely to be the case, we go back to 
observation and expose ourselves to new 
information and new cycles of condensa- 
tion to pick up details previously consi- 
dered unimportant and to discard infor- 
mation which has led us down false trails. 

By modelling and verification, of 
course, we are not necessarily referring 
to any disciplinary or interdisciplinary 
sense, such as mathematical modelling or 
simulation. Our Bedford-Stuyvesant model 
might well be a written tract describing 
the neïighborhood evolution over the past 
fifty years in terms of real estate tax 
laws, or it might be a collection of 
photographs needing no verbal explanation 
at all. 


Because of our training in the problem- 
solution mythology, we are likely to 
consider the problem solving process 
complete when we have constructed and 
verified a model. The academic orientati- 
on places us as an observer watching 
while Bill and Henry chop wood, It also 
prevents us from seeing that - even in 
terms of maximizing the rate of chopping 
- a better solution can be obtained by 
putting down our notebooks and taking up 
an axe. If Bill and Henry can cut the 
pile together in 3-1/3 days, then Bill, 
Henry and General Systems Man can do it 
in 2-1/2. Even if General Systems Man only 
makes the gesture of taking a hand in the 
chopping, Bill and Henry might be inspired 
to great heights of productivity. 

If we are not satisfied with sets of 
symbols as solutions, we are brought to 
the manipulation phase, in which we 
attempt to alter the state of nature which 
originally engendered the problem, drawing 
on the knowledge we acquired in the pre- 
ceding steps. If, in Bedford-Stuyvesant - 
we wanted to eliminate some of the 
aspects we found offensive, rather than 
just understand how they came about, we 
might try to change tax laws to provide 
capital investment incentives, or strap 
on our holster and begin policing the 
streetse 

Advice, as Ambrose Bierce observed, is 
the lowest common coin. Problem solvers 
generally lack credibility with the general 
public precisely because they believe 
problems to be solved when they have given 
their advice on what someone else should 
do. No real verification can exist unless 
we follow up on our advice until the desi- 
red changes have been wrought, or until 
we see why they cannot be wrought, or 
until we change our perception of what 
should be wrought; 

The usual disciplinary and interdisci- 
plinary approaches stop short of manipula- 
tion, but we do not accept a problem as 
resolved until the state of nature is 
successfully altered, or the state of our 
desires is changed in the process of try- 
ing, so that we no longer see the same 
'problem.'' And, when we 'take up the axe,' 
the second alternative becomes quite as 
likely as the first. 


Organization for general systems education 


We must accept that 
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(1) most organizations are bad ones; 
(2) the good ones have to be sought 
for; and 
(3) what is meant by ''good'"' must be 
clearly defined, explicitly, if 
necessary, in every case. 
There is no such thing as ''good 
organization'' in any absolute sense, 
Always it is relative; and an organiza- 
tion that is good in one context or 
under one criterion may be bad under 
another. (Ashby, 1962) 


The test of principles is their embodiment 
in action. We have been involved in 
general systems education separately and 
together for over a decade, and for the 
past three years have been conducting an 
experiment in creating an effective 
organization for the propagation of the 


general systems approach through education. 


For the remainder of this paper, we would 
like to define clearly what we think is 
"good'' about what we are doing, and what 
we think is ‘'bad'"' that might be done if 
we simply followed present patterms of 
organization. 


Because general systems at its best is 
symbiotic with science, we conceived 
our organization as being in symbiosis 
with a scientific establishment - a 
university or a research laboratory. 
Because we also wanted a general audience, 
we chose a university nor exclusively 
devoted to scientific pursuits, but which 
had a strong commitment - rather than a 
thin frosting - to humanities, Finally, 
because of our concern with extending the 
application of general systems ideas to 
macro-problem solving, we sought associa- 
tion with industrial and civic bodies 
engaged in solving ''systems problems. 
This we have found so far in having access 
to a large parttime student body, not all 
of whom, however, represent present or 
potential macro-problem solvers,. Fortuna- 
tely, those who do not fit this role turn 
out to present a cross-section of ‘'ordin- 
ary people' not adequately represented 
in the student body of a liberal arts 
college. 

In the selection of our more permanent 
associates, we try to follow the pattern 
we have inherited from our predecessors. 
We have no general systems theorists, 
but, rather, we have a number of discipli- 
nary and interdisciplinary specialists 
who have generalist leanings of varying 
strengths. Our selection of students, 
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however, deviates from the ordinary 
university pattern in several ways. 

In the first place, large numbers of our” 
students are not 'selected' at all, in 
the usual university sense. Our parttime 
students may study with us without any 
admission requirements or procedures. 

In theory, they must have some sort of 
Bachelor's degree, but in practice, 
exceptions are made whenever an exception 
presents itself. Students from the liberal 
arts college simply drop into and out of 
our educationals realms at will, Any 
student admitted to the liberal arts coll- 
ege has automatic rights to participate 

in our offerings up to approximately one 
full semester of work without any permi- 
ssion on either side. These ''open admiss- 
ion'' policies assure us of a much broader 
mix of students on several dimensions 

than is customary in university life. 

We do have a small number of full-time 
students, for whom we place the same 
requirements we place on faculty. No 
student is allowed to get a ''degree!! in 
General Systems. Students may specialize 
in computer studies or in applied mathe- 
matics and dabble in general systems 
affairs according to taste. 

Another class of full-time students 
comes With specialities alteady well 
advanced in a variety of fields. At 
present, for instance, we have students 
from anthropology, biology, political 
science, Romance languages, English, 
chemistry, psychology, geology, dance, and 
just about any discipline found in the 
university. These students represent a 
testing ground for the generality of our 
general systems approach, and also repres- 
ent our best hope of penetrating their 
fields with general systems ideas. We 
have observed that by the time one reaches 
professorial status, one has lost the 
channel capacity to receive certain messa- 
ges of high information content. 

Given the nature of our student body, 
we find it particularly inappropriate to 
make the traditional distinctions between 
teacher and pupil. The unidirectional 
transfer of codified knowledge is a poor 
model when the students are specialists 
and where what we have to communicate are 
deep but ill-defined concepts and insights 
from a rainbow of disciplines. Moreover, 
such passive reception of knowledge has 
never proved particularly effective at 
changing the 'pupil's' awareness, percep- 
tion, attitude, or behavior. While it 


RE TOR Eh EL 


a 


dt mn RTE ee LE 


does seem a good organization for training 
students to redeposit the professor's 

learned words on an examination paper, 
find xerox machines do a better job of 
copying our words. 

The background and particular flavor of 
our brand of general systems theory is 
contributed by computers, as we have 
discussed elsewhere (Weinberg, 1972), 
Rather than go over that ground again, 
us now turn to the examination of some 
the techniques we use for inculcating 
new behaviors in observation, condensation, 


we 


let 
of 


_ modelling, and manipulation. 


Observation 


In practice, however, there is so little 
possibility for direct confirmation of 
most of the images of science on the 
part of their recipients that authority 
again clothes the words of wisdom. The 
graduate student who confirms, in a new 
way, the images of the professors is 
praised for his originality. The one 

who denies the sacred images will, in 
general, not be awarded his degree. We 
shall delude ourselves if we think that 
the self-perpetuation of images through 
the apostolic succession of authority is 
unknown to science. (Boulding, 1956) 


As systems survive for longer and longer 
periods, they come to rely more and more 
upon information from the past - genetics, 
experience, laws - rather than information 
from the present - observation. Behavior 
comes to be influenced more by the state 
of the system and less by the input - the 
system becomes less responsive and more 
responsible. The educational process is 
usually seen as a way of bypassing long 
intervals of observation by depositing 

the accumulated observations of others 
directly into the brains of students, so 
that all human learning does not have to 
start with chipping stone axes. 

While human advancement no doubt depends 
on the abilitÿ to transfer codified know- 
ledge directly, the more successful this 
transfer becomes, the less the student 
will come to know the processes underlying 
the edifice he is committing to memory. 
Morgenstern (1963), for example, has 
given a devastating analysis of the way 
in which economic theorizing can become 
detached from even the most rudimentary 
understanding of the source of the data 


upon which it is based. In general systems 
work, this danger is at least doubled. 

We use several approaches to training 
in observation, One technique imnerses 
the student totally in a problem environ- 
ment from which he is to extract informa- 
tion without prejudgement, to the extent 
he can do it. Our model for this activity 
is the participant-observation of the 
anthropologist, and by total immersion 
we mean living with full sensory involve- 
ment as suggested in the Bedford-Stuyvesant 
example. Such immersion demands and 
trains introspection and appreciation for 
detail. 

A second approach is to expose students 
to artificial situations demanding succe- 
ssful exercise of observational techniques 
if solution is to be obtained. This is 
the ‘black box' technique for teaching 
observation, as described in Weinberg 
(1971a). The black box contains a variety 
of observational traps - ‘experimental 
errors! which contain vital clues, ‘normal 
background'' which is not so normal, 
information presented in modes outside 
the expected source, experimental errors 
which actually are errors, and inherently 
non-deterministic information. 

One particular trap upon which we 
incessantly drill our students is the trap 
of ‘dominant information. By ‘dominant 
information' we mean information so 
enticingly presented that we let it direct 
our efforts toward problem resolution - 
as though the information were using the 
problem-solver, rather than the other way 
around. 

The paradigm of dominant information is 
the man crawling in the gutter under a 
streetlight, searching for his watch. A 
passerby joins him in the search, and 
after several fruitless minutes asks: 

Are you sure you lost it here?! 

"Oh, no," replies the first, "I lost it 

up the block. 

"Then why in the world are you looking 

here 

"Don't you see? The light's much better 

here! 
A real-world paradigm, is found in 
‘'debugging'' computer programs for other 
people, who invariably present their hel- 
per with an array of 'clues' as to what is 
wrong (Weinberg, 1971b). We find that 
immersion of our students in the activity 
of program testing is one of the fastest 
and most effective ways of developing 
in them a sense of respect for the kinds 
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of traps that observation presents. 


Condensation 


What methods are there for the study of 
such intact systems? What general metho- 
ds, in other words, can general systems 
theory follow? 


Two main lines are readily distinguished. 


One, already well developed in the 
hands of von Bertalanffy and his co- 
workers, takes the world as we find it, 
examines the various systems that occur 
in it - zoological, physiological, and 
so on - and then draws up statements 
about the regularities that have been 
observed to hold. (Ashby, 1958) 


Condensation is the process, in communica- 
tion theory terms, of filtering the signal 
from the noise - or, in agricultural terms, 
of separating the wheat from the chaff. 
Generalization - the inductive act of 
replacing great amounts of information by 
a simple judgement or metaphor and 
specialization - the deductive process of 
isolating a very confined or narrow part 
of the original data and dwelling on that 
at the exclusion of all else - are both 
examples of condensation. 

Appreciation and recognition of false 
generalization and false specialization 
are equally important to transmit to the 
student. The gentleman looking for.his 
watch exemplifies false specialization, 
while the stranger helping him 1ook 
exemplifies false generalization. One 
approach to learning is by attempting to 
help some specialist ‘'look for his watch." 
Computer work again provides an ideal 
world in miniature, and we often send our 
students to specialists as Volunteers to 
program particular problems. Writing a 
successful program embodying the ideas 
of someone in another specialty is the 
Closest thing we have to an operational 


proof of the ability to condense correctly. 


A less clear operational method involves 
setting a student to learn a 'new' field 
entirely on his own. We believe that 
people who can practice the general sys- 
tems approach should be capable of 
learning, in three months of full-time 
study and without 'instruction' - any 
special field to the level of a Master's 
candidate in that field. We encourage 
students to try this, and to subject 
themselves to examination by specialists 
at the end of the period. 

On a smaller scale, we encourage 
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students to attempt course work in compe- 
tition with graduate students in other 
disciplines without having the 'prerequi-* 
sites' for those courses. So far, our 
students who have the nerve to try it 

seem to succeed admirably. The only 
possible problem is boredom, for our 
students have lost the habit of pacing 4: 
themselves at the 'course' rhythm. 

We do, however, use courses for 
education - but in reverse, Another 
operational test of one's ability to 
condense a subject is to prepare and 
teach a course in it. Our students are 
constantly engaged in preparation of 
"courses,'' ranging from the standard 
semester offering to ‘mini-courses'! of 
a week or two in duration, Typically, a 
student prepares on his own in a new 
subject, or combination of subjects. At 
some intermediate points in the prepara- 
tion, he may present talks or seminars 
to his office mates,. (We favor communal 
faculty-student offices.) Other interest- 
ed parties may be present as well. 

Through his studies and feedback from 
his talks, he may develop to the point 
of producing a mini-course to be embedded 
in one of the on-going courses in the 
same standard curriculum. Eventually, he 
may 'give a course' - either to our 
specialist audience or our "people! 
audience - or, ideally, to a mixture of 
both. Nothing, but nothing, is more 
indicative of the ability to condense 
than a demonstration that one can lecture 
successfully on a technical matter to a 
a mixed audience of specialists and 
ordinary people. 


Modelling 


The second method is to start at the oth 
other end, Instead of studying first one 
system, then a second, then a third, and 
so on, it goes to the other extreme, 
considers the set of ''all conceivable 
systems'' and then reduces the set to a 
more reasonable size. This is the method 
I have recently followed (Ashby, 1958) 


Of the four areas, modelling gives the 
appearance of being most mature as an 
a-proach to problem solving. Almost every 
discipline has its own modelling techniqu- 
es, and most of these are sanctified by 

a literature larded with mathematics. The 
interdisciplines are entirely based on 
particular sets of technique, and the 
novice interdisciplinarian must undergo 


a veritable mathematical rite de passage. 
The entire spectrum of modelling approach- 
es spans such diversities as mathematical 
systems theory, classical applied mathe- 
matics, computer simulation, physical ana- 
logs (model harbors, wind tunnels, and 
model drainage basins), pictorial manipu- 
lation (video, block diagramming, and 
computer graphics), as well as purely 
verbal methods of argument. 

The generalist problem-solver must learn 
to prevent any one of these approaches 
dominating or excluding the others, inde- 
 pedent of the problem situation. ‘'Dominant 
model'! is the danger here, corresponding 
to the destructive effect of ‘'dominant 
information'' on condensation. 

Modelling and condensation are in perpe- 
tual interaction. "Sensitivity analysis! 
is their most explicit way of interacting 
- the importance of factors is determined 
by varying only those factors in the model 
and observing the effects on behavior. 

‘Verification! of a model involves 
measuring the degree of concordance, or 
discordance, between the original event 
and the model. Here again, observation 
plays a key role, for it is all too easy 
to ignore ‘''small'' discrepancies in the 
pursuit of success. Modellers deficient 
in observation training often confuse 
sensitivity analysis with verification, 
but no amount of testing of internal con- 
sistency of a model can verify its corres- 
pondence with the world outside. À model 
may be deemed invalid by inconsistency 
but consistency is at best a necessary 
condition for validity - because validity 
is a relationship between model and exter- 
nal observations. 

In order to teach modelling, we rely to 
some extent on traditional courses in 
mathematics and on less traditional work- 
shop courses in both mathematics and comp- 
uter simulation, To be perfectly frank, 
the very strong tradition in modelling 
has had a retarding effect on innovation 
in the teaching of modelling behavior, 

We have had some success with simulated 
environments for teaching the application 
and pitfalls of optimization (Hyvarinen 
and Weinberg, 1969). 

We have also attempted to present a 
coordinated semester of work in which 
students model a system - usually a compu- 
ter operating system, (on one occasion, 
the Society for General Systems Research 
itself). They can then observe the corres- 
pondence between their models - both 


analytic and simulation - and the system's 
behavior, The coordinating effort to do 
this is tremendous, and the traditional 
university structure also impedes such 
activities in large and small ways. Real 
systems, for example, have a way of not 
displaying all their interesting behavior 
at the end of the semester when it comes 
time to verify models, 

In spite of difficulties, however, we 
intend to pursue this approach more 
actively in the future, for significant 
learning about modelling behavior seems 
to justify the extra effort on our part. 


Manipulation 


À natural scientist who breaks the bounds 
of his scientific abstraction and who 
even seems to challenge the powers that 
be is likely to be broken by them, and 
it is little wonder that most scientists 
retreat into the quiet harbors of their 
laboratories and professional journals 
and rarely venture forth on to the 
uncertain, stormy seas of political 
power. 

ss 0CL1enCe, even social science, is 4 

fine refuge - a sort of new monasticism 

- for those who cannot bear the comple- 

xity and richness - and wickedness - of 

the world of intricate personal and 

political relations.'' (Boulding, 1961, 

P.s) 
At the root of the word 'manipulate! is 
the word ‘'hand,' implying 'touch,' or the 
more vernacular ‘getting the hands dirty. 
The generalist problem solver is like the 
disciplinary scientist and distinguished 
from the interdisciplinarian by his will- 
ingness to undertake active observation. 
Unlike the disciplinarian, however, he 
knows no a priori limits to application 
of his knowledge which might limit his 
‘purity.' Not having a discipline, he is 
freed from the concept of purity altoget- 
hér, 

Manipulation - either to observe or to 
apply - requires knowledge of real forces 
causing or preventing change. For instan- 
ce, the primary difficulty in resolving 
large systems problems is not usually 
modelling a solution, but implementing 
it. Implementation may involve convincing 
people to participate in the proposed 
solution - so that rhetoric must be part 
of general systems education. Such 
persuasive skills are also required if 
disciplinarians and interdisciplinarians 
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are to be convinced to adopt generalist- 
derived approaches. It is no accident 
that the ‘''founders'' of general systems 
theory were, and are, eloquent speakers 
and writers. 

Speaking and writing, however, are 
the more academic of the persuasive arts, 
and might be recognized as forms of 
‘getting the hands dirty.' Political 
activity, on the other hand, seems 
universally recognized as ‘dirty work. 
which doesn't at all rule it out as part 
of the general systems approach. Again, 
it seems no coincidence that at least 
two of the general systems 'founders'! 
are actively involved in attempting to 
resolve some of the most important 
‘political' issues of our time. 

Manipulation being such an ill-defined 
activity, we have tried to provide 
requisite variety in our approaches to 
teaching it. Computer programming, in 
large doses and working on real-world 
data - provides experience in manipulat- 
ing a deterministic - or quasi-determini- 
stic - environment, Doing a real job on 
the computer, though, turns out to invol- 
ve far more human interaction than is 
generally believed according to the 
current computer mythology (Weinberg, 
1971). Therefore, computer programming 
assignments - almost always involving 
teams of students/faculty - become a 
natural introduction to human interaction 
situations, 

A great deal of our attention and 
thought is given to the creation of 
interpersonal games which involve the 
participants in the experience of manipu- 
lating and being manipulated by other 
people. Extending the direction of Rapoport 
and Guyer (1966), we construct games of 
known abstract properties and then immerse 
people in them. We find that having a 
known and discussable abstract structure 
to the games is far more important for 
general systems training than having a 
realistic ‘'front-end'' to get the players 
involved, In fact, we conjecture that the 
ability to get involved in a game without 
concrete trappings such as rewards 
expressed as money or resources as armies 
or real estate is as good a measure as 
we have of potential for practicing the 
general systems approach. We do not mean 
by this ability the obsession with compe- 
tition in any form which characterizes 
so many American university students - 
particularly since few of our abstract 


432 


games are what would be classified as 
'competitive.! 

Finally, we encourage our students in 
efforts to become involved in real-world 
situations. In particular, we have spent 
an enormous amount of energy in establish- 
ing a participatory goVernance of the 
school involving students, faculty, and 
administrative staff at all levels. Now 
that it is established, the students, 
staff, and faculty have an ongoing and 
very real learning laboratory in human 
interaction, For the first few years, 
we had the experience of how to make 
radical changes to an ongoing organization. 
At present, it seems we will be learning 
how a rather radical system maintains 
its radical position while defending 
itself against the entropic incursions of 
the conventional structure to which it 
is attached and of the conventional 
structures implanted in its members. 


Bibliography 

ASHBY, W.R., "General systems theory as a 
new discipline', Gen. Syst., Volume III 
(1958) 

ASHBY, W.R., "Principles of the self- 
organizing system', in von Foerster, H., 
and G.W, Zopf, Jr., eds., APrinciplesof 
self-organization', pp 255-278, Pergamon 
Press, New York (1962). 

BOULDING, K., "Economics as a science", 
McGraw-Hill, New York (1970). 

BOULDING, K., "The image: knowledge in 
life and society', University of Michi- 
gan Press, Ann Arbor (1956). 

BOULDING, K., "Political implications of 
general systems research', Gen. Syst., 
Volume VI (1961). 

HYVARINEN, L.P., and WEINBERG, G.M., ‘Com- 
puterized hill climbing game for teach- 
ing and research', in Fletcher, R., ed., 
‘Optimization', Academic Press, New York 
(1969). 

LATTIMORE, O., ‘The steppes of Mongolia 
and the characteristics of steppe nomad- 
ism', in O. Lattimore, ed., ‘Inner 
frontiers of China', American Geographi- 
cal Society, New York (1951). 

MEIER, R.L., "Status of the Society for 
General Systems Research', Gen. Syst., 
Volume II (1957). 


pi biméée 


MILLER, J.G., "Living systems: the organi- 
zation', in Behavioral Sci., V17(1), 
(January 1972). 

MORGENSTERN, O., "On the accuracy of eco- 
nomic observations', Princeton University 
Press, Princeton, N.J. (1963). 

PAVLOV, I., "Bequest to the academic youth 
of Soviet Russia' (1936). 

RAPOPORT, A., and GUYER, M., "A taxonomy 
02 2x2 games!, Gen. Syst., Volume XI 
(1966). 

RAPOPORT, A., ‘The big two', Bobbs-Merrill 
Co., New York (1971). 


RUSSELL, B., "Human society in ethics and 
politics', Simon and Schuster, New York 
(1954). 

WEINBERG, G.M., "A computer approach to 
general systems theory', in G. Klir, ed., 
‘Trends in general systems theory, 
Wiley-Interscience, New York (1972). 

WEINBERG, G.M., ‘Learning and meta-learning 
using a black box', Cybernetica, No. 2, 
pp 131-145 (1971). 

WEINBERG, G.M., "The psychology of computer 
programming', Van Nostrand Reinhold, New 
York (41971)% 


433 


Al 44,4 et u . pi 
. f' id bo [ANOEVÉ (AE 2 


oi verte 08 


FR : “1 | 4 
GAMAAUSÉ TOME 
NE A7 mu, Le % 
: Lone 0 0 OISE 
tt 7 L' vs ! 
re Das L 
| | 33 240 
int 0 
t 'g 


qu) A! AG 


ACKERMANN, Jürgen (Dr-Ing) 
DFVLR-Institut für Dynamik der Flug- 
systeme, 8031 Oberpfaffenhofen, 
Germany 

ADAM, Adolf (Prof Ing Dr) 

J. Kepler-Universität, 4045 Linz, 
Austria 

AGUILAR-MARTIN, Joseph (Dr Ing) 
Chargé de Recherche, LAAS-CNRS, 
B.P. 4036, 31 Toulouse, France 

AKALIN, Sedat (Doz Dr, MBA) 

University of EGE - I.T.B.F., Izmir, 
Turkey 

ANDREW, A.M. (Dr) 

University of Reading, Whiteknights, 
Reading, England 

APLEVICH, J.D. (Ass Prof) 

University of Waterloo, Waterloo, 
Ontario, Canada 

APTER, Michael (Dr) 

University College of Cardiff, 
Department of Psychology, P.0.B. 78, 
Cardiff, Wales, United Kingdom 

AUTH, Werner (Dipl Ing) 

Technische Hochschule, Darmstadt, 
Germany 


BANATHY, Bela H. (Prof Dr) 
Program Director, Far West Laboratory 
for Educational Research and 
Development, Berkeley, 94563 Calif. USA 
BALKUS, Kozmas 
State University of Florida, USA 
BAYR, Georg (Dr med) 
8793 Trofaiach, Am Platz 6, Austria 
BAYRAKTAR, Bulent A. (Dr) 
Scientific Affairs Division, NATO, 
1110 Bruxelles, Belgium 
BESTERREIMER, Walter (Dr) 
Leiter der Abteilung Operations 
Research Verein. Metallwerke, Ranshofen- 
Berndorf, 5282 Braunau, Austria 
BILLETER-FREY, Ernest P. (Prof) 
Director, Institute for Automation and 
Operations Research, University of 
Fribourg, Switzerland 
BLOMBERG, Hans (Prof Dr) 
Helsinki University of Technology, 
SF-02150 Otaniemi, Finland 
BÜSEL, Raïner (Dr, Ass Prof) 
Max-Planck Institut für Zellbiologie, 
Melanchthonstrasze 36, 74 Tübingen, 
Germany 


LIST OF DÉLEGATES 


BÔSSWETTER, Claus (Dr-Ing) 
Battelle-Institut e.V., Am Rômerhof 35, 
6 Frankfurt/Main 90, Germany 

BOULANGER, George R. (Prof Dr Ing) 
President, Association Internationale 
de Cybernétique, Palais des Expositions, 
Namur, Belgium 

BOZIC, Vojislav (Prof Dr) 
Facultat organizacionik, Oslobodjenja I, 
Beograd, Jugoslavia 

BRUNNER, Franz (Dr, Dipl Ing) 
Osterreichischer Rundfunk, Argentinier- 
strasze 30 a, A-1040 Wien, Austria 

BRUNN, Ekkehard (Dipl Ing) 
Universität Dortmund, Abtlg. Raumplan- 
ung, Postfach 500, 46 Dortmund, Germany 

BULAT, Vuksan (Prof Dipl Ing, Dr) 
Faculty of Mechanical Engineering, 
Kamenogorska 5, 11050 Belgrad, 
Jugoslavia 


CAMPBELL, James H. (PhD, Ass Prof) 
Wichita State University, Kansas, USA 
CHERENKO, N. (Dr) 
Institute of Cybernetics, 109 Science 
Avenue, 28 Kiev, USSR 
CENTMAYER, Klaus (Dipl Ing) 
Institut für Datenverarbeitung, 
Technische Universität, München, 
Arcisstr. 2, 8 München 2, Germany 
CORNOCK, Stroud 
17 Bourton Crescent, Oadby, Leicester, 
England 


DAXNER, Michael (Dr phil) 
Abtig. Planung und Statistik, BM für 
Wissenschaft und Forschung, Vienna, 
Austria 

DOHMEN, Günther (Prof Dr) 
Direktor, Deutsches Institut für Fern- 
studien an der Universität Tübingen, 
74 Tübingen, Germany 


EISNER, Edward (Prof) 
University of Strathclyde, 107 Rottenrow, 
Glasgow, United Kingdom 

ERICSON, Richard E. (Prof Dr) 
SGSR, 2100 Pennsylvania Avenue, 
N.W. Washington D.C. 2006, USA 

EYZENGA, G.R. (Dr-Ing) 
Lecturer in Systems Theory, University 
of Groningen, Boteringestr. 23, 
Groningen, Netherlands 


435 


FALSETTI, Antonio (Prof Dr) 
T.F.ASP9, Prazza della RepubiTca ss, 
00185 Roma, Italy 

FAZEL, H. 


Department of Statistics, Dar-es-Salaam, 


Tanzania 

FIRESTONE, Frederic (Prof) 
State University of Illinois, 
61761 Illinois, USA 

FLORSCHÜTZ, Miroslav (Dr) 
Rank Xerox Austria, Lugeck 1 - 2, 
1010 Wien, Austria 

FREY, Hans W. (Dipl-Volkswirt) 
Universität Heidelberg, Arbeitsgruppe 
des Hochschul-Informationssystems, 
Heidelberg, Germany 


GAUSE, C. Donald (Dr) 
Suny/Binghamton School of Advanced 
Technology, New York, USA 

GETHÔFFER, Hans (Dipl Ing Dr) 
Technische Hochschule, Darmstadt, 
Germany 

GROCHLA, Erwin (Prof Dr) 
Geschäftsführender Direktor, Betriebs- 
wirtschaftl. Institut für Organisation 
und Automation an der Universität Kôln, 
Germany 

GLUSHKOV, V.M. (Prof Dr) 
Director, Institute of Cybernetics, 
Science Avenue 109, 28 Kiev, USSR 

GUIZAR-DIAZ, Ernesto (Mexico) 
P.0.B. 6745, The Hague 2078, 
Netherlands 


HANIKA, F. de Paul (Prof, MA Cantab) 
ÜSGK, Schottengasse 3, 1010 Wien, 
(8524 Gams ob Frauenthal 92), Austria 

HIGGINS, J.C. (Prof) 

University of Bradford, Management 
Centre, Emm Lane, Bradford, Yorkshire, 
England 

HILDEBRANDT, F. (Prof Dr-Ing) 

Institut für Arbeitswissenschaft, 
RWTH Aachen, D-51 Aachen, Germany 

HÜDL, Erich (Dr) 

Technische Hochschule, Darmstadt, 
D-61 Darmstadt, Germany 

HOLZER, Maria (Dr) 

ÜSGK, Schottengasse 3, 1010 Wien, 
Austria 

HOUGH, Robbin 
Oakland, Michigan, USA 

HORSMANN, Werner B (Dkfm) 

Universität Hamburg, Fachbereich Wirt- 
schaftswissenschaften, Germany 


436 


IRTEM, Ali 
Management Consultant, Istanbul, 


P.K. 685 Istanbul, Turkey f 


JANES, F.R. 


The City University, London, England 


JONES, Gwyn R. (MSc) 


Polytechnic of Central London, England 


KALMAN, Rudolf (Prof Dr) 


Department of Mathematics, University 
of Florida, Gainesville, Florida 32601, 
USA 


KALSCHEINER, A. (Dr) 


Universität Kôlin, Germany 


KARNER, Wolfgang A. (Dr) 


Institut für Hôhere Studien und Wissen- 
schaftliche Forschung, 1010 Wien, 
Austria 


KLAUS, Joachim (Dipl Ing) 


D-74 Tübingen, Bismarckstrasze 48, 
Germany 


KREMER, Hermann (Dr-Ing) 


Technische Hochschule, Darmstadt, 
Germany 


KRISTIANSEN, Torstein (Dr) 


Oslo 4, Brannvakteïen 13, Norway 


KOSTIC, °Z1vko:Z2970(Proftbr) 


Faculty of Economics, University of 
Beograd, Jovina 15, Beograd, Jugoslavia 


LADANYI, Otmar (Dipl Ing Dr) 


A-3100 St. Pôlten, Heidenheimerstrasze 
16, Austria 


LAMB, George G. (Prof) 


Northwestern University, Tech. 3388, 
Evanston, Illinois 66201, USA 


LASZLO, Ervin (Prof Dr) 


State University of New York, New 
York 14454, USA 


LEMAIRE, André (Ing) 


Société Nationale des Chemins de Fer 
Francais, Region du Nord, 75 Paris 10€, 
18 Rue de Dunkerque, France 


LINDQUIST, Anders (Doz Dr) 


Royal Institute of Technology, 
S-100 44 Stockholm 70, Sweden 


MARTIN, Paul E. 


General Manager, Industra GmbH, Wien, 
Austria 


MAULER, Eugen K. (Dr) 


Goeschigasse 12/13, A-1030 Wien, 
Austria 


MILLEN, Roger N. (Prof) 


Graduate School of Business, Columbia 
Univ. N.Y.C., New York 10027, USA 


MAYER, Gert (Dr) 


Universität Mannheim, Germany 


UE nut-à tone à 2 


PE CE Tv 


MRUSKOVIC, Rudolf (Dipl Volkswirt) 
Ernst Katzinger GmbH, 1020 Wien, 
Untere Donaustrasze 11, Austria 

McCAUL, Gilbert J. 

Consulting Industrial Engineer, 
Craighall, P.0.B. 41125, Transvaal, 
South Africa 

McCLURE, E. 

Florida State University, Florida, USA 

M'PHERSON, P.K. (Prof Dr) 

The City University, London, England 


NAUER, Gerhard (cand.phil.) 
ÜSGKk, 1010 Wien, Schottengasse 3, 
Austria 

NEUMANN, K. (Dipl Ing) 
SANDOZ Forschungsinstitut, Wien, 
Austria 


OWEN, Philip James (Ass Prof and Research 
Assoc) 
Illinois State University, Illinois, 
USA 


PASK, Gordon (Prof Dr) 
Institute of Educational Technology, 
Open University, 2 Richmond Hill, 
Richmond, Surrey, England 
PASCHKE, Fritz (Prof Dr) 
Technische Hochschule Wien, 
Guszhausstrasze 25, 1040 Wien, Austria 
PAULUS, Erwin (Dr-Ing) 
Institut für Datenverarbeitung, 
Technische Universität, München, Franz 
Josef-Strasze 38, D-8000 München 13, 
Germany 
PERSSON, Bo (Dr) 
41478 Gôteborg, Kapplandsgatan 106, 
Sweden 
PETERS (Dr) 
Universität Hamburg, Hamburg, Germany 
PICHLER, Franz (Prof Ing Dr) 
Lehrkanzel für Systemtheorie, 
Joh. Kepler-Universität, Linz 
PILIC, Vera (Prof Dr) 
University of Beograd, Faculty of 
Economics, 11000 Beograd, Jugoslavia 
PILIC, Bogdan (Prof Dr) 
University of Beograd, Faculty of 
Mechanical Engineering, 11000 Beograd, 
Jugoslavia 
PILLMANN, Werner (Dipl Ing) 
Technische Hochschule Wien, 1040 Wien, 
Guszhausstrasze 25, Austria 
POLIAKINE, M. 
Architecte Urbaniste, 23 Rue Guatemala, 
Jerusalem, Israel 


RITTEL, Horst (Prof) 
University of Calif., 
California, USA 

ROZSENICH, Norbert (Dr) 
Bundesministerium für Wissenschaft und 
Forschung, Währingerstr. 28, 1090 Wien, 
Austria 

RWEYEMANU, J.F. (Dr) 
Department of Statistics, 
Dar-es-Salaam, Tanzania 

RODRIGUEZ-LORES (Dr) 

RNTH Aachen, Lehrstuhl für Planungs- 
theorie, D-51 Aachen, Germany 

van REST, David J. 

Senior Research Fellow, University of 
Aston, United Kingdom 


Berkeley, 


University of 


SALOVAARA, Sampo (Ass Prof Dr) 
Helsinki Technical University, Finland 
SCHKADE, Lawrence L. (Prof Dr) 
University of Texas, Arlington, 
Texas 76010, USA 
SCHEEL, Wolf-Dieter 
D-1 Berlin 30, Matisstrasze 15, Germany 
SCHNELLER, Herbert (Dkfm Dr) 
Ministerialrat, Bundesministerium für 
Finanzen, Wien, Austria 
von SEELEN, Werner (Dr-Ing) 
Batelle-Institut, D-6 Frankfurt/Main 90, 
Am Rômerhof 35, Germany 
SILBERBAUER, Gerhard (Dr) 
1014 Wien, Herrengasse 11, Austria 
SINGER, W. (Dr) 
Max-Planck-Institut für Psychiatrie, 
München, Germany 
SMITH, Allan K. 
Chairman of the Ind. Soc. Unit of 
London, Imperial College, University of 
London, England 
STARKE, Harald (Dr) 
41478 Gôteborg 
Kaplandsgatan 106, Sweden 
STEINBEREITHNER, K. (Prof Dr) 
Leiter der Abt.f. Exper. Anästhesiologie, 
Universität Wien, Austria 
STEINDL, J. (Prof Dr) 
Dicektor, Osterreichisches Institut für 
Wirtschaftsforschung, 1103 Wien, 
Austria 
STULMAN, Julius 
New York City, USA 


TRAPPL, Robert (Doz Ing Dr) 
Universität Wien, Schwarzspanierstrasze 
17, 1090 Wien, Austria 

TRIESCHMANN, G.V. (Dr) 
University of Illinois, 


Illinois, USA 


437 


ES 


UPDIKE, Otis L. (Prof) WIEGAND, Jeffery W. (PhD cand.) 
University of Virginia, Charlottesville, Graduate School of Human Behavior, s 
, Virginia 22901, USA United States International University,f 
USCUMLIC, M. San Diego, Calif., USA | 
Faculty of Organisation, Beograd, WILLIAMS, Trevor (ScD Prof) \ 
Jugoslavia University of Bristol, Bristol, England 
WINDISCHBAUER, G. (Dipl Ing Dr) , 
VACHON, R.I. (Prof) Physikalisches Institut der Tierärzt— 
Mechanical Engineering Dept., Auburn lichen Hochschule, 1030 Wien, Linke | 
University, Auburn, Alabama 36830, USA Bahngasse 11, Austria 
VESPER, Volker D. (Dkfm) WOTTAWA, H. (Dr) | 
Freie Universität Berlin, D-1 Berlin, Kuratorium für Verkehrssicherheïit, 
Germany Verkehrspsychologisches Institut, 


1030 Wien, Austria 
WEINMANN, Alexander (Prof Dr) 


Technische Hochschule Wien, 1040 Wien, ZEMANEK, Heinz (Prof Dipl Ing Dr) 
Guszhausstrasze 25, Austria Direktor des IBM-Labors, 1010 Wien, 
Parkring 10, Austria 


438 


ER time. dns néon dé dé sé RS S. 


_ 


CONTENTS 


Volume! 
v CONTENTS 


vii LIST OF SPEAKERS 
1 © VPREFACE 
1! OPENING ADDRESS by DR MARGARET MEAD 


THEORY OF CYBERNETICS AND SYSTEMS RESEARCH: PART I — 
MATHEMATICAL SYSTEMS THEORY 


5 On minimal realisations 
J. ACKERMANN 


13 On the multiplicity of locally-optimal approximations of linear 
systems 
J.D, APLEVICH 


17 On set theoretical and algebraic systems theory — Part 1 
H. BLOMBERG 


40 On causality of general dynamical systems 
F. PICHLER 


47 On matrix description of discrete systems 
H. GETHÔFFER 


54 Some methods of systems analysis 
V.M. GLUSHKOV 


64 Transformation techniques and the Fokker-Planck equation in the 
study of non-linear systems with randomly varying parameters 
DR C.J. HARRIS 


69 Feedback control of linear stochastic systems 
A. LINDQUIST 


72 System theoretic concepts of systems engineering 
PROF. P.K. M'PHERSON 


95  Paradoxes of systems thinking 
V.N. SADOVSKY 


100 On algebraïc theory of ordinary linear time-varying 
differential systems with generalized stochastic processes as 
inputs and outputs 

S. SALOVAARA and H,. BLOMBERG 


110 Minimality of ordinary linear time-invariant differential 
systems 
J. SINERVO 


114 Generalization of the Nerode concept of state 
T.G. WINDEKNECHT 


121 Categorical foundations for general systems theory 
J.A. GOGUEN 
THEORY OF CYBERNETICS AND SYSTEMS RESEARCH: PART II — 
DETERMINISTIC AND STOCHASTIC MODELLING 


131 Attempt at classification of stochastic control systems 
J. AGUILAR MARTIN 


439 


vs7 


143 


150 


154 


164 


168 


175 


194 


211 


214 


218 


223 


227 


230 


239 


244 


Se 


268 


279 


283 


440 


Subjective entropy 
O0. ARIGONI and L. GIANNINI 


System identification of vocaltract and excitation l 
W. AUTH = 


Usage of multiparametric linear programming for systems 
analysis | | 4 
T. GAL i 


Contour tracing coding in image processing and pattern 
recognition 
L. GYERGYÉK and N. PAVESIC 


Punishability of cybernetic machines and the free will 
A. IRTEM 


Graphical solution of signal flow graphs 
G.R. JONES 


A meta-model to aid in the analysis of problems of societal 
change (OAELIS) 
G.G. LAMB 


Another information theory view of grammar 
P.J. OWEN 


BIOCYBERNETICS 


Ecobionical techniques in the industrial production of micro- 
organic pure and mixed cultures 
A. ADAM 


Cancer as a runaway cybernetic system — À theoretical construct 
J.W. WIEGAND 


Abnormal clone spread through the epithelium 
T. WILLIAMS 


An improved application of information-theoretic measures in 
clinical research 
R. TRAPPL 


Information processing during semiotic perception 
R. BÜSEL 


Aspects of cerebellar computation 
N.H. SABAH 


About the combination of sub-systems to models of nerve nets 
H. ROSEMANN 


Significance feedback and redundancy reduction in self- 
organizing networks 
A.M. ANDREW 


The genesis of neural patterns 
M.J, APTER 


À transmission model of the peripheral nerve and its 
applications 

C. BOÔSSWETTER 
LIST OF DELEGATES 


CONTENTS OF VOLUME II 


2 Ne 

: .… Z 

; 1 

‘A 

MS | Ne 
FT + 
Le 

\ 
- … 
F2 a, 


UN ” 


re 
y * 
A EE 


JR A 
VAE 


Dar te ce 20 
RE he 


Sete D ru 
LUNDI 


SN eee ee 
ARS Une pad mire À me V3 
Loc 


TS enr ee 


NET 


PRE es mire 
Der rahenrns 


— | 


TR ren RE rene sr 
a sk 


Der rs Dress o U “ 
DARTATS Re s 2 
L one Le ed 


PE Ds er 


HT OS, 
ROSES 5e S Le 


